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The Microbiology of Drinking Water (2006) - Part 9 - Methods for the isolation and
enumeration of Salmonella and Shigella by selective enrichment, membrane
filtration and multiple tube-most probable number techniques

Methods for the Examination of Waters and Associated Materials

This booklet contains three methods for the isolation and enumeration of Salm%% and
Shigella by selective enrichment. This booklet supercedes “The Microbiolog rinking
Water (2004) - Part 9 - Methods for the isolation and enumeration of Sal. effa and
Shigella by selective enrichment, membrane filtration and multiple tube%&s probable
number techniques”. This document includes an explanation on Sal ella taxonomy,
removes brilliant green agar as isolation media, provides greater gﬁgnd makes minor
editorial changes contained in the previous document. '\?1/

Within this series there are separate booklets dealing 'th@ferent topics concerning the
microbiology of drinking water. Other booklets include

The Microbiology of Drinking Water (2002) - ’\A

Part 1 - Water quality and public health \Q

Part 2 - Practices and procedures for sampli S)

Part 3 - Practices and procedures for Iabo@ories

Part 4 - Methods for the isolation and @meration of coliform bacteria and Escherichia coli
(including E. coli O157:H7)

Part 5 - A method for the isolatio enumeration of enterococci by membrane filtration
Part 7 - Methods for the enumetation of heterotrophic bacteria by pour and spread plate
techniques

Part 8 - Methods for the i ion and enumeration of Aeromonas and Pseudomonas

aeruginosa by membr. iltration
Part 10 - Methods fe;& isolation of Yersinia, Vibrio and Campylobacter by selective
enrichment O

The Microbiglogy of Drinking Water (2004) -
Part 6 - ds for the isolation and enumeration of sulphite-reducing clostridia and
I p

Clos erfringens by membrane filtration

Part 11 * Taste, odour and related aesthetic problems

Part 12 - Methods for the isolation and enumeration of micro-organisms associated with
taste, odour and related aesthetic problems

The Microbiology of Drinking Water (2006) —
Part 5 - The isolation and enumeration of enterococci by membrane filtration

Whilst specific commercial products may be referred to in this document this does not
constitute an endorsement of these particular materials. Other similar materials may be
suitable and all should be confirmed as such by validation of the method.
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About this series
Introduction

This booklet is part of a series intended to provide
authoritative guidance on recommended methods
of sampling and analysis for determining the quality
of drinking water, ground water, river water and sea
water, waste water and effluents as well as sewage
sludges, sediments, soils (including contaminated
land) and biota. In addition, short reviews of the
most important analytical techniques of interest to
the water and sewage industries are included.

Performance of methods

Ideally, all methods should be fully evaluated with
results from performance tests. These methods
should be capable of establishing, within specified
or pre-determined and acceptable limits of
deviation and detection, whether or not any sample
contains concentrations of parameters above those
of interest.

For a method to be considered fully evaluated,
individual results from at least three laboratories
should be reported. The specifications of
performance generally relate to maximum tolerable
values for total error (random and systematic
errors) systematic error (bias) total standard
deviation and limit of detection. Often, full
evaluation is not possible and only limited
performance data may be available.

In addition, good laboratory practice and analy&
quality control are essential if satisfactory r

are to be achieved. \

Standing Committee of Analé\

The preparation of booklets @he series
“Methods for the Examin Waters and
Associated Materials” eir continuing

O

revision is the responsibility of the Standing
Committee of Analysts. This committee was
established in 1972 by the Department of the
Environment and is now managed by the
Environment Agency. At present, there are nine
working groups, each responsible for one section or
aspect of water quality analysis. They are

1 General principles of sampling and accuracy of
results

2 Microbiological methods (b .
3 Empirical and physical methods f\

4 Metals and metalloids Q

5 General non-metallic substances (1/

6 Organic impurities \

7 Biological methods \

8 Biodegradability and inhibi '(!rNuethods

9 Radiochemical method{ﬁ

The actual methods and reviews are produced by
smaller panels of e%s in the appropriate field, in
co-operation with orking group and main
committee. Tm‘ames of those members principally

associated@ ese methods are listed at the back
of this bo .

P@on of new or revised methods will be notified
technical press. If users wish to receive copies

(&advanced notice of forthcoming publications or
bt

ain details of the index of methods then contact
the Secretary on the Agency’s web-page
(www.environment-agency.gov.uk/nls) or by post.

Every effort is made to avoid errors appearing in the
published text. If, however, any are found, please
notify the Secretary.

Dr D Westwood
Secretary
July 2006

Warning to S
The anal cedures described in this booklet
should be carried out under the proper

supervision of competent, trained analysts in
properly equipped laboratories.

All possible safety precautions should be followed
and appropriate regulatory requirements complied
with. This should include compliance with the
Health and Safety at Work etc Act 1974 and all
regulations made under the Act, and the Control of
Substances Hazardous to Health Regulations 2002
(S1 2002/2677). Where particular or exceptional
hazards exist in carrying out the procedures
described in this booklet, then specific attention is
noted.

Numerous publications are available giving practical
details on first aid and laboratory safety. These
should be consulted and be readily accessible to all
analysts. Amongst such publications are; “Safe
Practices in Chemical Laboratories” and “Hazards in
the Chemical Laboratory”, 1992, produced by the
Royal Society of Chemistry; “Guidelines for
Microbiological Safety”, 1986, Portland Press,
Colchester, produced by Member Societies of the
Microbiological Consultative Committee; and “Safety
Precautions, Notes for Guidance” produced by the
Public Health Laboratory Service. Another useful
publication is “Good Laboratory Practice” produced
by the Department of Health.


http://www.environment-agency.gov.uk/nls

A The isolation of Salmonella species by selective enrichment
A1 Introduction

Many different serotypes of Salmonella species are present, to varying extents, in humans,
animals and birds. All members of the genus are potentially pathogenic. The low numbers
of Salmonella species found in waters mainly originate from sewage and sewage effluents.
The numbers of salmonellas present in water are, generally, much lower than those of
other micro-organisms.

Salmonella infections give rise to symptoms of diarrhoea and vomiting. The incubation
period varies between 12 - 72 hours and symptoms usually persist for 2 - 3 days #ylost
cases of infection occur from the consumption of raw, or undercooked, food, paxti rly
poultry and food containing eggs. The significance of Salmonella bacteria in e
treatment and supply are described elsewhere'" in this series. (1/

A2 Scope t\'\\

The method is suitable for the examination of drinking waters, “7%1 ing samples from all
stages of treatment and distribution, and those source waters_of moderate turbidity.

Users wishing to employ this method should verify its rf@mnce under their own
laboratory conditions®®. p&

Z
A3 Definitions \4

In the context of this method, organisms th gl’m characteristic colonies on selective agar
media after culture in enrichment media a hich produce the serological and
biochemical reactions described are r%rded as Salmonella species.

Salmonella species normally con@ to the general definition of the family
Enterobacteriaceae® and ca %@further differentiated, biochemically, into 4 subgroups,
subgenus | to IV. Those baéﬁ of subgenus | (the largest group) are considered
pathogenic towards hum nd are B-galactosidase-negative. Salmonellas are sub-
divided into serovarsﬁ basis of genus-specific combinations of somatic and flagellar
antigens. Salmonel ay be further differentiated into groups by bacteriophage and
plasmid typing.

O
The usual bj Qmical reactions include production of hydrogen sulphide; indole and
urease Q@Q produced; citrate is utilised as a carbon source; and lysine and ornithine
are artboxylated. Phenylalanine and tryptophan are not oxidatively de-aminated, and
sucrose; salicin, inositol and amygdalin are not fermented.

There are currently only three recognised species of Salmonella — Salmonella bongori,
Salmonella enterica (which also has six subspecies) and the recently described
Salmonella subterranea. Most Salmonella encountered in the environment are serovars of
Salmonella enterica or one of its subspecies. To avoid confusion with species’ names the
names of these serovars are not italicised when written. Thus, the strain formerly written
as Salmonella typhi is now Salmonella enterica subspecies enterica serovar Typhi which is
conventionally shortened to Salmonella Typhi. Similarly for Salmonella Enteritidis,
Salmonella Typhimurium, Salmonella Montevideo etc.



A4 Principle

Isolation is based on concentration from water by membrane filtration (with or without the
use of filter aid). This is followed by pre-enrichment in a non-selective medium (to recover
environmentally-stressed organisms) with further enrichment in a selective medium, after
which aliquots are subcultured to a selective agar containing lactose, an indicator of
acidity, and an indicator of hydrogen sulphide production. Characteristic colonies are
confirmed by biochemical tests and by slide agglutination.

A5 Limitations

This method is suitable for most types of aqueous samples except those with hig
turbidities, which tend to block the membrane filter. This will limit the volume of% le that
can be filtered. In such instances the sample volume can be increased by th of
several membrane filters or filter aid. When low numbers of organisms ar

detection is dependent only on the volume of sample that can be fiItere,L\a tested. High
numbers of competing organisms may inhibit the growth, or detectl rget organisms.

This method uses only one selective agar for the diagnostic dete Salmonella
species. Although some species of Salmonella may not be det y the medium used,
it may be adequate for routine water monitoring. However, for inv stlgatlons into possible
water-borne outbreaks of salmonellosis a range of selectl |a should be used™. This

method is not suitable for the recovery of Salmonella T ut see A9.4.1) and
Salmonella Paratyphi. 8

A6 Health and safety

Media, reagents and bacteria used in these@ods are covered by the Control of
Substances Hazardous to Health Regulat@e and appropriate risk assessments should
be made before adopting these method3y Standard laboratory mlcroblology safety
procedures should be followed and ance is given elsewhere? in this series.

Extra care should be taken in
pathogenic nature of the or
and work involving subc
designated area of a
for disposal and sterili

X@isolation and identification of salmonellas due to the

I8Sms. Staff should be adequately trained and supervised

and handling of cultures should be performed in a

rly equipped laboratory. Adequate facilities should be in place

lon of test materials.

APP

Standa%&@atory equipment should be used which conforms to the performance criteria
S

outli where® in this series. Principally, appropriate membrane filtration apparatus
and incubators are required. Other items include:

A7 A1 Sterile sample bottles of appropriate volume, made of suitable material,
containing sufficient sodium thiosulphate pentahydrate to give a final concentration in the
sample of not less than 18 mg/I (for example, 0.1 ml of a 1.8 % m/v solution of
NaxS203.5H,0 per 100 ml of sample, or equivalent).

A7.2 Incubators capable of maintaining temperatures of 37 + 1 °C and 41.5 £ 0.5 °C.

A7.3 Filtration apparatus, sterile or sterilisable filter funnels, and vacuum source.



A7.4 Sterile membrane filters, for example, white 47 mm diameter, cellulose-based
0.45 ym nominal pore size.

A7.5 Smooth-tipped forceps.
A8 Media and reagents

Commercial formulations of these media and reagents may be available, but may possess
minor variations to their formulations. The performance of all media and reagents should
be verified prior to their use in the method. Variations in the preparation and storage of
media should also be verified. Water should be distilled, deionised or of similar quality.
Unless otherwise stated chemical constituents should be added as anhydrous saks. If the
pH of the medium is not within its stated range, then, before heating, it should usted
accordingly. Where media are stored in a refrigerator they should be aIIowec@r ach

room temperature before use. (1/
N
N

A8.1 Buffered peptone water®

Peptone 10.0¢g '\(1>

Sodium chloride 509

Disodium hydrogen phosphate 3.5

Potassium dihydrogen phosphate .5@

Water @bwe

Dissolve the ingredients in the water. Dispense \xsulting solution (typically, 90 ml) into
suitable screw-capped tubes or bottles and stgfilise by autoclaving at 121 °C for 15
minutes. After autoclaving, the pH of the m should be checked to confirm a pH value

of 7.2 £ 0.2. Autoclaved media may be st in the dark at room temperature, protected
from dehydration, and should be used @'hin one month.

A8.2  Rappaport Vassiliadis e@hment broth!"®

Solution A Q&'

Soya peptone 45¢g
Sodium chloride & 729

Potassium dihydro;@hosphate 1.26 g

Dipotassium hyd phosphate 180 mg
Water 800 ml
Solutiorg%&\%

Magnésitat chloride anhydrous 13.6 9

Water 100 ml
Solution C

Malachite green 36 mg

Water 100 ml

Dissolve the ingredients of solution A in the 800 ml of water. To achieve this, it may be
necessary to heat to boiling. Prepare this solution on the day of use. To 800 ml of solution A,
add 100 ml of solution B and 100 ml of solution C and mix well. Dispense the resulting
solution (typically, 10 ml) into suitable containers, cap and sterilise by autoclaving at

115 °C for 10 minutes. After autoclaving, the pH of the medium should be checked to
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confirm a pH value of 5.2 £ 0.2. Store autoclaved media at between 2 - 8 °C, protected
against dehydration, and use within one month.

A8.3  Xylose lysine desoxycholate agar®

Basal medium

Lactose 759
Sucrose 759
Xylose 3.75¢g
L(-) Lysine hydrochloride 509
Sodium chloride 50¢g
Yeast extract 3.0g .
Phenol red (0.4 % m/v aqueous solution) 20 ml }\Q)
Agar 12049 Q
Water 1 litre \(1/
Solution A t\'\
Sodium thiosulphate pentahydrate 340¢g \
Ammonium iron(lll) citrate 40¢g '\(1/
Water 100 ml
Solution B O
Sodium desoxycholate g
Water 00 ml
‘Q
Dissolve the ingredients of the basal medium j \water. This will require gentle heating.

Dispense the resulting solution in appropria lumes into suitable bottles, cap and
sterilise by autoclaving at 115 °C for 10 m&es. The basal medium may be stored in the
dark at room temperature and should sed within one month. Dissolve the ingredients
of solution A and solution B in the r @ctive amounts of water and separately pasteurise
the individual solutions by heatin pproximately 60 °C for 1 hour. To prepare the
complete medium, melt the b &I'medium and cool to approximately 50 °C. Aseptically,
add 2.0 ml of solution A an ml of solution B to 100 ml of basal medium and mix well.
The pH of the medium s be checked to confirm a pH value of 7.4 £ 0.2. Pour the
complete medium into ile Petri dishes and allow the medium to solidify. Store the

poured plates at w—r 2 - 8 °C, protected against dehydration, and use within two

weeks. The agar ce of prepared dishes should be dried before use.

A8.4 éy%;e ron agar’®

N\
Pepto&e\o 50¢g
te

Yeast extract 3.0g
Glucose 109

L (-) Lysine 10.0g
Ammonium iron(lll) citrate 500 mg
Sodium thiosulphate pentahydrate 40 mg
Bromocresol purple (1 % m/v ethanolic solution) 2ml
Agar 1509
Water 1 litre

Dissolve the ingredients in the water. To achieve this, it will be necessary to heat to
boiling. Dispense the resulting solutions in small volumes (typically, 5 -10 ml) into suitable
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containers and cap. Sterilise by autoclaving at 115 °C for 10 minutes. After autoclaving,
the pH of the medium should be checked to confirm a pH value of 6.7 £ 0.2. Cool in a
sloping position to give an agar slope with a deep butt. Store the prepared medium at
between 2 - 8 °C, protected against dehydration, and use within one month.

A8.5  Triple sugar iron agar'"

Beef extract 3049

Yeast extract 3.0g

Peptone 200g

Sodium chloride 50¢g

Lactose 10.0g .
Sucrose 10.0g }\Q)
Glucose 1.0g Q
Iron(lll) citrate 300 mg (1/
Sodium thiosulphate pentahydrate 300 mg '\\

Phenol red (0.4 % m/v aqueous solution) 6 ml t\

Agar 15.049 \

Water 1 litre '\(1/

Dissolve the ingredients (except phenol red) in the water.
necessary to heat to boiling. Add the phenol red soluti
resulting solution in small volumes (typically, 5 -10 mi
sterilise by autoclaving at 115 °C for 10 minutes. A

should be checked to confirm a pH value of

7.4 £+

Jag

hieve this, it will be
ix well. Dispense the
suitable containers, cap and
utoclaving, the pH of the medium
. Cool in a sloping position to give an

agar slope with a deep butt. Store the prepare&dium at between 2 - 8 °C, protected
against dehydration, and use within one mor(

A8.6 Urea broth

Base medium

&
X

Peptone 109
Glucose 109
Disodium hydrogen phos 109
Potassium dihydroge sphate 800 mg
Sodium chloride 50g¢g
Phenol red (0.4 °<§9/ aqueous solution) 1.0 ml
Water 1 litre

Dissolve ft %gredients in the water and adjust the pH to 6.8 + 0.2. Dispense the resulting
solutj ically, 95 ml) into suitable bottles, cap and sterilise by autoclaving at 115 °C for
10 minutes. After autoclaving, the pH of the medium should be checked to confirm a pH
value of 6.8 £ 0.2. Prepared base medium may be stored in the dark at room temperature
and should be used within one month. Prior to use, add 5 ml of an aqueous 40 % m/v
filter-sterilised solution of urea to each 95 ml of base medium and aseptically dispense in

2 - 3 ml volumes in sterile containers and cap.

A8.7 Filter-aid?

Diatomaceous earth 1 g (approximately)
Water 15 ml

11



Weigh out appropriate amounts of filter-aid into suitable bottles, add the water and cap.
Sterilise by autoclaving at 121 °C for 15 minutes. Store in the dark at room temperature
and use within 12 months.

A8.8 Other media

Standard and commercial formulations of other media and reagents used in this method
include nutrient agar, saline solution and anti-sera.

A9 Analytical procedure

A9.1 Sample preparation cb .

Due to the likelihood that, if present, numbers of salmonellas in drinking wat %Iikely to
be low, a sample volume of at least 1000 ml should be examined. Smallerfv es may
be appropriate for polluted source waters.

,\'\
A9.2 Sample processing \
o NV
A9.2.1 Membrane filtration

Filter an appropriate volume of sample. If the sample i tun@j, several membrane filters
may be required. Alternatively, a large volume filtration tem can be used®.

Place the sterile or disinfected filtration apparatus osition and connect to a source of
vacuum, with the stopcock turned off. Remov unnel and, holding the edge of the
membrane filter with sterile smooth-tipped fi s, place a sterile membrane filter

onto the porous disc of the filter base. If algided membrane filter is used, place grid-side
upwards. Replace the sterile funnel se%ely on the filter base. Pour or pipette the required
volume of sample into the funnel. e stopcock and apply a vacuum not exceeding
65 kPa (500 mm of mercury) an r the water slowly through the membrane filter.

Close the stopcock as soon agtn'e sample has been filtered.

Remove the funnel and lly transfer the membrane filter to a container containing,
typically, 90 ml of buffi peptone water. The volume of buffered peptone water can be
adjusted according nature of the sample and the number of membranes that may be
needed. A minim lume of 50 ml should be taken. Cap the container. If more than one
membrane filtefisrequired, all filters should be transferred to the buffered peptone water,
ensuring ’gh%a e membrane filters are fully submerged.

N\

The %@:an be placed in a boiling water bath if it is to be re-used. Alternatively, pre-
sterilised filter funnels can be used for each sample. If different volumes of the same
sample are to be examined, the funnel may be re-used without boiling provided that the
smallest volume of sample is filtered first. For different samples, a fresh pre-sterilised
funnel should be taken or remove a funnel from the boiling water bath. Allow the funnel to
cool and repeat the filtration process. If funnels are to be re-used, then after filtration of
each sample, disinfect the funnel by immersing it in boiling distilled water for at least one
minute. During the filtration of a series of samples, the filter base need not be sterilised
unless it becomes contaminated or a membrane filter becomes damaged. Known polluted
and non-polluted samples should be filtered using separate filtration equipment.
Alternatively, polluted samples should only be processed after non-polluted samples.

12



When disinfected funnels are not in use they should be covered with a sterile lid or a
sterile Petri dish lid.

The time between the end of the filtration step and the beginning of the incubation stage
should be as short as possible and no longer than 2 hours.

A9.2.2 Filter-aid

The usual membrane filtration apparatus may be used but with a sterile absorbent pad in
place of the membrane filter to act as a supporting base for the filter-aid. An aliquot of
filter-aid (typically, 15 ml) should be filtered to form an initial layer on the absorbent pad. A
second aliquot (typically, 15 ml) of filter-aid should be mixed with the volume of s le
and then filtered. For turbid or dirty waters, additional aliquots of filter-aid may uired.
When filtration is complete, remove the funnel carefully and transfer the abs pad
and filter-aid to buffered peptone water. With the same medium, rinse an (ﬁl/ aid
adhering to the funnel into the culture vessel and make up to 90 mi. &\

A9.2.3 Pre-enrichment, enrichment and subculture to selective(rYBr

The buffered peptone water and membrane filters, and if appropriate filter-aid, should be
gently mixed and incubated at 37 °C for 21 + 3 hours. Aﬁe@@bation, mix well and
subculture 0.1 ml of the buffered peptone water into 10ml%afRappaport Vassiliadis
enrichment broth and incubate at 41.5 °C for 21 £ 3 ho After this time, plate out a
loopful of the Rappaport Vassiliadis enrichment br@to xylose lysine desoxycholate
agar. Incubate the selective agar at 37 °C for 21* ours. After plating, return the
Rappaport Vassiliadis enrichment broth to the@)ator at 41.5 °C for a further

21 £ 3 hours. After this time, again plate out( pful of the Rappaport Vassiliadis
enrichment broth onto xylose lysine deso>®ho|ate agar. Incubate the selective agar at
37 °C for 21 £ 3 hours.

&
A9.3 Reading of results \$(b

After each respective incub period, examine the Petri dishes under good light, if
necessary using a hand Colonies are differentiated as follows:

Colonial appearancc)\s}xylose lysine desoxycholate agar
‘e

Organism O\~ Characteristic appearance
Salmonejlzrov smooth red colonies 2 - 3 mm in diameter,
N\ typically, with black centres or wholly black

&\ro colonies (see Figure 1)

Xylose-fermenting coliform bacteria  yellow colonies

Pseudomonas species red or yellow colonies with grey-black centres

Shigella species small pink-red colonies

Proteus species red colonies that are irregular and may have

small black centres

Where isolates are overgrown on the xylose lysine desoxycholate agar, subculture to fresh
xylose lysine desoxycholate agar. This facilitates the production of pure cultures and
enables typical colonial morphology to be observed. See flowchart and Figure 1.

13



Flowchart for method A procedures

Sample | buffered ' »| 37°C |p| Rappaport Vassilidis [p| 41.5°C/24h || 41.5°C/24h
peptone water 24 h enrichment broth ¢
37°C/24 h PR— xylose lysine -« xylose lysine
desoxycholate agar desoxycholate agar
37°C/24 h
irregular red colonies > Proteus [ irregular red colonfé\
possibly with small possibly with.ska!
black centres black ceRtr
h 4 AN
small pink-red colonies > Shigella ¢ ?ni}\l pink-red colonies
h 4 Nuv d h 4
red or yellow colonies | 3] 4_9_ red or yellow colonies
with grey-black centres Pseudomonas O with grey-black centres
h 4 : f A 4
yellow colonies > Xyloses efm ]@g < yellow colonies
coliform E ria
v A 4
black colonies or 0 black colonies or
smooth red colonies \ smooth red colonies
with black centres > (b < with black centres
(2-3 mm in diameter) % Salmonella (2-3 mm in diameter)
(see Figure 1) @‘b l l (see Figure 1)
\v
lysine iron agar | q— ‘aQiple sugar iron urea broth L p| nutrient agar
agar

l

37°C/18-24 h

IR

GO

c?@ :

l

37°C/18-24 h

37°C/18-24 h

alkalinﬁq}and slope

|

l

37 °C/overnight

no change in colour

acid butt with H,S and
alkaline or no change in slope

'

> Salmonella

14

slide agglutination
test

l

PSO and PSH
or PSH only positive




Figure 1 Black Salmonella colonies on xylose lysine desoxycholate agar

A9.4 Confirmation tests OQ
A9.4.1 Biochemical confirmation b

Using a straight wire, subculture characteristic cé@es from xylose lysine desoxycholate
agar to lysine iron agar, triple sugar iron agar, xea broth and nutrient agar as a check for
purity. For lysine iron agar and triple sugar i gar, the wire should be stabbed into the
butt and streaked along the slant as it is rawn. Avoid stabbing through the butt to the
bottom of the tube. The end of the wir ould remain approximately 3 mm from the
bottom of the tube as gas productio cause the medium to be blown out of the tube.
Incubate the inoculated media at for 18 - 24 hours. Regard cultures that give
characteristic reactions in thes&confirmatory media, i.e. lysine iron agar and triple sugar

iron agar, as presumptive s ellas. Alternatively, a commercially available identification
system may be used, foll appropriate performance verification at the laboratory.
Reactions in lysine Bbagar
O\

Genus A\~Slope' Butt' H,S production

Salmonell ~ alkaline alkaline blackening

Arizong .\ alkaline alkaline blackening

Pro 30 red acid blackening or no blackening

Providéncia red acid no blackening

Citrobacter alkaline acid blackening

Escherichia alkaline acid or no change no blackening

Shigella alkaline acid no blackening

Klebsiella alkaline alkaline no blackening

Enterobacter alkaline acid no blackening

' Alkaline reaction is purple, acid reaction is yellow

15



Reactions in triple sugar iron agar and urea broth

Genus Triple sugar iron agar Urea2
broth
Slope’ Butt H>S production
Salmonella Typhi ncoralk acid blackening (weak) -ve
Other Salmonella ncoralk acid+ gas blackening -ve
Shigella ncoralk acid no blackening -ve
Proteus morganii ncoralk acidtgas no blackening +ve
Proteus vulgaris acid acid + gas  blackening +tve
Escherichia acid acid + gas  no blackening -ve .
Citrobacter acid acid + gas  blackening +ve o\
Klebsiella acid acid + gas  no blackening +VQ -ve
Enterobacter acid acid + gas  no blackening ‘Q .

' Alkaline (alk) reaction is red, acid reaction is yellow or no change N
2 +ve = alkaline reaction (red), -ve is no change in colour (1/

\\

Subculture characteristic colonies from xylose lysine déogholate agar to moist nutrient

A9.4.2  Serological confirmation

agar slopes. For optimum flagellar formation, it is ess | that some fluid is present in the
tube and sterile broth should be added if required. | ate overnight at 37 °C. Carry out a
slide agglutination test. For example, using a v@p or pipette, place 3 separate drops
(each 0.02 ml) of saline solution onto a clean scope slide. Emulsify growth from the
moist butt of the slope in each separate dr produce homogeneous suspensions. Mix a
loopful of Salmonella polyvalent 'O' (PSO i-serum with the first drop of suspension and
a loopful of Salmonella polyvalent 'H' @H) anti-serum with the second drop. Gently rock
the slide back and forth and exami agglutination against a black background. The
third drop containing no anti-ser: dicates whether or not the culture auto-agglutinates.

Auto-agglutinating strains sh e re-plated on xylose lysine desoxycholate and dry
smooth colonies treated as ously described.

Organisms that aggluti with both PSO and PSH anti-sera, or strains that agglutinate
with the PSH anti-s only, can be regarded as members of the Salmonella group.

A10 Calcn@Rns

The tes\g’@ate the presence or absence of Salmonella species in the volume
exami

A11 Expression of Results

Presumptive and confirmed Salmonella species are reported as being detected, or not
detected, in the volume of sample examined.

A12 Quality Assurance

New batches of media and reagents should be tested with appropriate reference strains of
target bacteria (for example Salmonella Poona) and non-target bacteria (Escherichia coli).
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Organisms should be incubated under the appropriate conditions. Further details are given
elsewhere® in this series.
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B Enumeration of Salmonella species by a membrane filtration-multiple tube-
most probable number technique

B1 Introduction

Many different serotypes of Salmonella species are present to varying extents in humans,
animals and birds. All members of the genus are potentially pathogenic. The low numbers
of Salmonella species found in waters mainly originate from sewage and sewage effluents.
The numbers of salmonellas present in water are, generally, much lower than those of
other micro-organisms.

Salmonella infections give rise to symptoms of diarrhoea and vomiting. The incut%)p
period varies between 12 - 72 hours and symptoms usually persist for 2 - 3 day% st
cases occur from the consumption of raw, or undercooked, food, particularl ultry and
food containing eggs. The significance of Salmonella bacteria in water tr J%&t and
supply are described elsewhere'" in this series. 'G\\

B2 Scope (l>'\

The method is suitable for the examination of drinking waters, inc d|ng samples from all
stages of treatment and distribution, and those source wat@( moderate turbidity.

Users wishing to employ this method should verify it@ormance under their own
laboratory conditions®®. K\
N\

B3 Definitions
)

In the context of this method, organisms tl@ orm characteristic colonies on selective agar
media after culture in enrichment medi€gnd which produce the serological and
biochemical reactions described ar (r@arded as Salmonella species.

Salmonella species normaIIy 8qjorm to the general definition of the family
Enterobacteriaceae® and (éé further differentiated, biochemically, into 4 subgroups,
subgenus | to IV. Those ria of subgenus | (the largest group) are considered
pathogenic towards r@ and are B-galactosidase-negative. Salmonellas are sub-
divided into serovar; he basis of genus-specific combinations of somatic and flagellar
antigens. Salm r@ié may be further differentiated into groups by bacteriophage and
plasmid typlng

The us% hemical reactions include production of hydrogen sulphide; indole and
urea ot produced; citrate is utilised as a carbon source; and lysine and ornithine
are decarboxylated. Phenylalanine and tryptophan are not oxidatively de-aminated, and
sucrose, salicin, inositol and amygdalin are not fermented.

There are currently only three recognised species of Salmonella — Salmonella bongori,
Salmonella enterica (which also has six subspecies) and the recently described
Salmonella subterranea. Most Salmonella encountered in the environment are serovars of
Salmonella enterica or one of its subspecies. To avoid confusion with species’ names the
names of these serovars are not italicised when written. Thus, the strain formerly written
as Salmonella typhi is now written as Salmonella enterica subspecies enterica serovar
Typhi which is conventionally shortened to Salmonella Typhi. Similarly for Salmonella
Enteritidis, Salmonella Typhimurium, Salmonella Montevideo, etc.
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B4 Principle

Isolation is based on concentration from water by membrane filtration (with or without the
use of a filter aid. This is followed by pre-enrichment in a non-selective medium (to recover
environmentally-stressed organisms) with further enrichment in a selective medium, after
which aliquots are subcultured to a selective agar containing lactose, an indicator of
acidity, and an indicator of hydrogen sulphide production. Characteristic colonies are
confirmed by biochemical tests and by slide agglutination. The most probable number of
organisms in the sample is estimated from appropriate probability tables.

B5 Limitations

This method is suitable for most types of aqueous samples except those with h&% :
turbidities, which tend to block the membrane filter. However, since the volufig\ot*sample
is filtered through a number of membrane filters followed by incubation in @iple tube
situation, this limitation is reduced. When low numbers of organisms arg;g ent, detection
is dependent only on the volume of sample that can be filtered and ed® High numbers
of competing organisms may inhibit the growth, or detection, of t organisms. This
method uses only one selective agar for the diagnostic detectio Egi&almonella species.
Although some species of Salmonella may not be detected by the®'medium used, it may be
adequate for routine water monitoring. However, for inves@ns into possible water-
borne outbreaks of salmonellosis a range of selective hould be used™. This
method is not suitable for the recovery of Salmonella T¢phi (but see B9.4.1) and
Salmonella Paratyphi.

&

B6 Health and safety 6)0

Media, reagents and bacteria used in the ethods are covered by the Control of
Substances Hazardous to Health Re ions® and appropriate risk assessments should
be made before adopting these me . Standard laboratory microbiology safety
procedures should be followed a&ance is given elsewhere® in this series.

Extra care should be taken i isolation and identification of salmonellas due to the
pathogenic nature of the isms. Staff should be adequately trained and supervised
and work involving su re and handling of cultures should be performed in a

designated area of perly equipped laboratory. Adequate facilities should be in place
for disposal and @'sation of test materials.

B7 A%a

Stan oratory equment should be used which conforms to the performance criteria
outlinedelsewhere' in this series. Principally, appropriate membrane filtration apparatus
and incubators are required. Other items include:

B7.1 Sterile sample bottles of appropriate volume, made of suitable material,
containing sufficient sodium thiosulphate pentahydrate to give a final concentration in the
sample of not less than 18 mg/l (for example, 0.1 ml of a 1.8 % m/v solution of
NazS,03.5H,0 per 100 ml of sample, or equivalent).

B7.2 Incubators capable of maintaining temperatures of 37 + 1 °C and 41.5 £ 0.5 °C.

B7.3 Filtration apparatus, sterile or sterilisable filter funnels, and sources of vacuum.
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B7.4 Sterile membrane filters, for example white 47 mm diameter, cellulose-based,
0.45 ym nominal pore size.

B7.5 Smooth-tipped forceps.
B8 Media and reagents

Commercial formulations of these media and reagents may be available, but may possess
minor variations to their formulations. The performance of all media and reagents should
be verified prior to their use in the method. Variations in the preparation and storage of
media should also be verified. Water should be distilled, deionised or of similar quality.
Unless otherwise stated chemical constituents should be added as anhydrous sakts. If the
pH of the medium is not within its stated range, then, before heating, it should usted
accordingly. Where media are stored in a refrigerator they should be aIIowec@r ach

room temperature before use. (1/
N
N

B8.1 Buffered peptone water®

Peptone 10.0¢g '\(1>

Sodium chloride 509
Disodium hydrogen phosphate 3.5
Potassium dihydrogen phosphate .5@
Water bWe

into suitable tubes or bottles, cap and sterilis utoclaving at 121 °C for 15 minutes.
After autoclaving, the pH of the medium shot{ e checked to confirm a pH value of
7.2 £ 0.2. Autoclaved media may be store@q the dark at room temperature, protected
from dehydration, and should be used @'hin one month.

Dissolve the ingredients in the water. Dispenzysulting solution (typically, 10 - 15 ml)

B8.2  Rappaport Vassiliadis e@hment broth!"®

Solution A Q&'

Soya peptone 45¢g
Sodium chloride & 729

Potassium dihydro;@hosphate 1.26 g

Dipotassium hyd phosphate 180 mg
Water 800 ml
Solutiorg%&\%

Magnésitat chloride anhydrous 13.6 9

Water 100 ml
Solution C

Malachite green 36 mg

Water 100 ml

Dissolve the ingredients of solution A in the 800 ml of water. To achieve this, it may be
necessary to heat to boiling. Prepare this solution on the day of use. To 800 ml of

solution A, add 100 ml of solution B and 100 ml of solution C and mix well. Dispense the
resulting solution (typically, 10 ml) into suitable containers, cap and sterilise by autoclaving
at 115 °C for 10 minutes. After autoclaving, the pH of the medium should be checked to
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confirm a pH value of 5.2 £ 0.2. Store autoclaved media at between 2 - 8 °C, protected
against dehydration, and use within one month.

B8.3  Xylose lysine desoxycholate agar®

Basal medium

Lactose 759
Sucrose 759
Xylose 3.75¢g
L(-) Lysine hydrochloride 509
Sodium chloride 50¢g
Yeast extract 3.0g .
Phenol red (0.4 % m/v aqueous solution) 20 ml }\Q)
Agar 12049 Q
Water 1 litre \(1/
Solution A t\'\
Sodium thiosulphate pentahydrate 340¢g \
Ammonium iron(lll) citrate 40¢g '\(1/
Water 100 ml
Solution B O
Sodium desoxycholate g
Water 00 ml
‘Q
Dissolve the ingredients of the basal medium j \water. This will require gentle heating.

Dispense the resulting solution in appropria lumes into suitable bottles, cap and
sterilise by autoclaving at 115 °C for 10 m&es. The basal medium may be stored in the
dark at room temperature and should sed within one month. Dissolve the ingredients
of solution A and solution B in the r @ctive amounts of water and separately pasteurise
the individual solutions by heatin pproximately 60 °C for 1 hour. To prepare the
complete medium, melt the b &I'medium and cool to approximately 50 °C. Aseptically,
add 2.0 ml of solution A an ml of solution B to 100 ml of basal medium and mix well.
The pH of the medium s be checked to confirm a pH value of 7.4 £ 0.2. Pour the
complete medium into ile Petri dishes and allow the medium to solidify. Store the

poured plates at w—r 2 - 8 °C, protected against dehydration, and use within two

weeks. The agar ce of prepared dishes should be dried before use.

B8.4 éy%;e ron agar’®

N\
Pepto&e\o 50¢g
te

Yeast extract 3.0g
Glucose 109

L (-) Lysine 10.0g
Ammonium iron(lll) citrate 500 mg
Sodium thiosulphate pentahydrate 40 mg
Bromocresol purple (1 % m/v ethanolic solution) 2ml
Agar 1509
Water 1 litre

Dissolve the ingredients in the water. To achieve this, it will be necessary to heat to
boiling. Dispense the resulting solutions in small volumes (typically, 5 -10 ml) into suitable
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containers and cap. Sterilise by autoclaving at 115 °C for 10 minutes. After autoclaving,
the pH of the medium should be checked to confirm a pH value of 6.7 £ 0.2. Cool in a
sloping position to give an agar slope with a deep butt. Store at between 2 - 8 °C,
protected against dehydration, and use within one month.

B8.5  Triple sugar iron agar'”

Beef extract 3049

Yeast extract 3.0g

Peptone 200g

Sodium chloride 50¢g

Lactose 10.0g .
Sucrose 10.0g }\Q)
Glucose 1049

Iron(lll) citrate 300 mg (1/
Sodium thiosulphate pentahydrate 300 mg '\\

Phenol red (0.4 % m/v aqueous solution) 6 ml t\

Agar 15.049 \

Water 1 litre '\(1/

Dissolve the ingredients (except phenol red) in the water.a@hieve this, it will be
necessary to heat to boiling. Add the phenol red soluti mix well. Dispense the

resulting solution in small volumes (typically, 5 -10 mi suitable containers, cap and
sterilise by autoclaving at 115 °C for 10 minutes. A utoclaving, the pH of the medium
should be checked to confirm a pH value of 7.4 £#J'8. Cool in a sloping position to give an

agar slope with a deep butt. Store at betweenc)Q °C, protected against dehydration, and
use within one month. (bg

B8.6 Urea broth

&
o
Base medium
N

Peptone 109
Glucose Q 1.0g
Disodium hydrogen phos 109
Potassium dihydroge sphate 800 mg
Sodium chloride 50g¢g
Phenol red (0.4 °<§9/ aqueous solution) 1.0 ml
Water 1 litre

Dissolve ft %gredients in the water and adjust the pH to 6.8 + 0.2. Dispense the resulting
solutj ically, 95 ml) into suitable bottles, cap and sterilise by autoclaving at 115 °C for
10 minutes. After autoclaving, the pH of the medium should be checked to confirm a pH
value of 6.8 £ 0.2. Prepared base medium may be stored in the dark at room temperature
and should be used within one month. Prior to use, add 5 ml of an aqueous 40 % m/v
filter-sterilised solution of urea to each 95 ml of base medium and aseptically dispense in

2 - 3 ml volumes in sterile containers and cap.

B8.7 Other media

Standard and commercial formulations of other media and reagents used in this method
include nutrient agar, saline solution and anti-sera.
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B9 Analytical procedure
B9.1 Sample preparation

Due to the likelihood that, if present, numbers of salmonellas in drinking water are likely to
be low, a sample volume of at least 1000 ml should be examined. For the membrane
filtration-multiple tube technique this is, typically, for a 6-tube series, analysed as

1 x 500 ml and 5 x 100 ml aliquots. Smaller volumes and aliquots may be appropriate for
polluted waters. Record the volumes of sample filtered so that the MPN can be calculated.

B9.2 Sample processing
B9.2.1  Membrane filtration-multiple tube technique '\Cb ‘
Appropriate volumes of sample are filtered through membrane filters. (19

Place the sterile or disinfected filtration apparatus in position and ¢ '}‘to a source of
vacuum, with the stopcock turned off. Remove the funnel and, ho e edge of the
membrane filter with sterile smooth-tipped forceps, place a steri kr‘lembrane filter

onto the porous disc of the filter base. If a grided membrane fllte used, place grid-side
upwards. Replace the sterile funnel securely on the filter b our or pipette the required
volume of sample into the funnel. Open the stopcock ard Iy a vacuum not exceeding
65 kPa (500 mm of mercury) and filter the water slow@vough the membrane filter.

Close the stopcock as soon as the sample has be & red

Remove the funnel and carefully transfer the rane filter to a tube or bottle containing
10 - 15 ml of buffered peptone water, ensuri g&he membrane filter is fully submerged.
Record the volume filtered. Other vqume@i sample should be similarly treated until all
filters are transferred to the correspon tubes or bottles of buffered peptone water. The
larger single volume of sample may, ire more than one membrane filter, and if so, all
filters used for this volume shoul ransferred to the bottle or tube of buffered peptone
water. Ensure that all the me B@nes are fully submerged.

The funnel can be placed-if¥a boiling water bath if it is to be re-used. Alternatively, pre-
sterilised filter funnels be used for each sample. If different volumes of the same
sample are to be e ed, the funnel may be re-used without boiling provided that the
smallest volume ple is filtered first. For different samples, a fresh pre-sterilised
funnel should en or remove a funnel from the boiling water bath. Allow the funnel to
cool and repeat'the filtration process. If funnels are to be re-used, then after filtration of
each sa%gdisinfect the funnel by immersing it in boiling distilled, deionised or similar
grad for at least one minute. During the filtration of a series of samples, the filter
base nekd not be sterilised unless it becomes contaminated or a membrane filter becomes
damaged. Known polluted and non-polluted samples should be filtered using separate
filtration equipment. Alternatively, polluted samples should only be processed after non-
polluted samples. When disinfected funnels are not in use they should be covered with a
sterile lid or a sterile Petri dish lid.

The time between the end of the filtration step and the beginning of the incubation stage
should be as short as possible and no longer than 2 hours.
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B9.2.2 Pre-enrichment, enrichment and subculture to selective agar

Each tube or bottle of buffered peptone water should be incubated at 37 °C for

21 £ 3 hours. After incubation, gently mix each tube or bottle, and subculture 0.1 ml of
buffered peptone water from each tube or bottle into separate containers of Rappaport
Vassiliadis enrichment broth (10 ml) and incubate at 41.5 °C for 21 £ 3 hours. After this
time, plate out loopfuls of the Rappaport Vassiliadis enrichment broth from each container
onto separate Petri dishes of xylose lysine desoxycholate agar. Incubate the selective
agar at 37 °C for 21 £ 3 hours. After plating, return the Rappaport Vassiliadis enrichment
broth to the incubator at 41.5 °C for a further 21 + 3 hours. After this time, again plate out
loopfuls of the Rappaport Vassiliadis enrichment broth from each container onto separate
Petri dishes of xylose lysine desoxycholate agar. Incubate the selective agars a%"p for
21 £+ 3 hours. '\

B9.3  Reading of results \(LQ

After each respective incubation period, examine the Petri dishes u Ng od light, if
necessary using a hand lens. Colonies are differentiated as foIIovtolg

N

Colonial appearance on xylose lysine desoxycholate agar

P
Organism Characteristic appearance

Salmonella smooth red cal@es 2 - 3 mm in diameter,

typically, wi ack centres or wholly black
colonies. Figure 1)
Xylose-fermenting coliform bacteria yellov&%nies
Pseudomonas species red llow colonies with grey-black centres
Shigella species S pink-red colonies
Proteus species d colonies that are irregular and may have small

\®~ lack centres

Where isolates are overgrow Bq,the xylose lysine desoxycholate agar, then subculture to
fresh xylose lysine desoxy e agar. This facilitates the production of pure cultures and
enables typical colonial ology to be observed. See Figure 1.

Figure 1 Blacl@nonella colonies on xylose lysine desoxycholate agar
P
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B9.4 Confirmation tests

B9.4.1  Biochemical confirmation

Using a straight wire, subculture characteristic colonies from each Petri dish of xylose
lysine desoxycholate agar to lysine iron agar and triple sugar iron agar, and urea broth and
nutrient agar as a check for purity. For lysine iron agar and triple sugar iron agar, the wire
should be stabbed into the butt and streaked along the slant as it is withdrawn. Avoid
stabbing through the butt to the bottom of the tube. The end of the wire should remain
approximately 3 mm from the bottom of the tube as gas production may cause the medium
to be blown out of the tube. Incubate the inoculated media at 37 °C for 18 - 24 hours.
Regard cultures that give characteristic reactions in these confirmatory media, i.%sjne
iron agar and triple sugar iron agar, as presumptive salmonellas. Alternatively, p\
commercially available identification system may be used, following appropri

performance verification at the laboratory. \(1/

N

Reactions in lysine iron agar

A
Genus Slope' Butt’ H,S prgdudion
Salmonella alkaline alkaline blackening
Arizona alkaline alkaline blﬁing
Proteus red acid blaekening or no blackening
Providencia red acid blackening
Citrobacter alkaline acid blackening
Escherichia alkaline acid or no char \é no blackening
Shigella alkaline acid c? é no blackening
Klebsiella alkaline alkaline & no blackening
Enterobacter alkaline acid no blackening

' Alkaline reaction is purple, acid r n is yellow

Reactions in triple sugar iron gq and urea broth
O

Genus T%&ugar iron agar
Slope! Butt'

Urea broth?

H»>S production

Salmonella Typhi O\DX: oralk acid blackening (weak) -ve
Other Salmon I@ ncoralk acid+gas blackening -ve
Shigella 6 ncoralk acid no blackening -ve
Proteus meggganii  ncoralk acid £ gas no blackening +tve
Prote aris acid acid + gas  blackening +ve
EscHarichia acid acid + gas  no blackening -ve
Citrobacter acid acid + gas  blackening +ve or -ve
Klebsiella acid acid + gas  no blackening +ve or -ve
Enterobacter acid acid + gas  no blackening -ve

' Alkaline (alk) reaction is red, acid reaction is yellow or no change (nc)
2 +ve = alkaline reaction (red), -ve is no change in colour

B9.4.2 Serological confirmation

Subculture characteristic colonies from each Petri dish of xylose lysine desoxycholate agar
to moist nutrient agar slopes. For optimum flagellar formation, it is essential that some fluid
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is present in the tube and sterile broth should be added if required. Incubate overnight at
37 °C. Carry out a slide agglutination test. For example, using a wire loop or pipette, place
3 separate drops (each 0.02 ml) of saline solution onto a clean microscope slide. Emulsify
growth from the moist butt of the slope in each separate drop to produce homogeneous
suspensions. Mix a loopful of Salmonella polyvalent 'O' (PSO) anti-serum with the first
drop of suspension and a loopful of Salmonella polyvalent 'H' (PSH) anti-serum with the
second drop. Gently rock the slide back and forth and examine for agglutination against a
black background. The third drop containing no anti-serum indicates whether or not the
culture auto-agglutinates. Auto-agglutinating strains should be re-plated on xylose lysine
desoxycholate agar and dry smooth colonies treated as previously described.

Organisms that agglutinate with both PSO and PSH anti-sera, or strains that agg%@te
with the PSH anti-serum only, can be regarded as members of the Salmonella g& .

B10 Calculations \(I/Q

Record the number of tubes or bottles resulting in positive Salmone Iakso tes and
calculate the most probable number (MPN) of organisms in the v e of sample using,
for example if the 6-tube series was followed, Table 1 below. If p{l&r volumes and
aliquots have been filtered, multiply the result by the appropriate factor. (For example, if

1 x 50 ml and 5 x 10 ml aliquots have been filtered then th e shown in Table 1 would
need to be multiplied by 10; however, in the case wher nbrganisms are found then this
would equate to a value of less than 10 organisms perhe of sample).

Table 1 MPN and MPR per litre of sample \;6-tube series containing 1 x 500 ml
and 5 x 100 ml volumes of sam

Number of tubes showing positive {¢)"
Salmonella isolates & MPN per 1000 ml  MPR* per 1000 ml

1 x 500 ml 5x 100

0 N None found
0 Q\j@ 1
0 2 2
0 (QQ 3 3
0 4 4 4-5
0 O 5 6
1 O 0 1
1 bo 1 2
. 1(0 2 5 4-5
\& 3 9 8-10
&Q 4 15 13-18
1 5 >18**

* Most probable range (MPR): these are numbers that are at least 95 % as probable as the most probable
number (MPN).

** There is no discrimination when all tubes show growth; the theoretical MPN is infinity. The true count is
likely to exceed 18.

B11 Expression of Results

The count is expressed as the number of Salmonella per litre of sample.
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B12 Quality Assurance

New batches of media and reagents should be tested with appropriate reference strains of
target bacteria (for example Salmonella Poona) and non-target bacteria (Escherichia coli).
Organlsms should be incubated under the appropriate conditions. Further details are given
elsewhere® in this series.
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C The isolation of Shigella species by selective enrichment
C1 Introduction

Members of the genus Shigella normally inhabit the intestinal tract of humans but do not
infect animals. Their presence in water is, therefore, an indication of human faecal
contamination. Infection is commonly by person-to-person contact, or by the consumption
of contaminated food or water.

Gastro-intestinal disease is commonly a symptom of infection of which dysentery is the
most severe. The disease is typical of conditions of poor hygiene and sanitation. In the UK,
Shigella sonnei’is commonly isolated, although the most severe disease is causeeg,by,
Shigella dysenteriae, type 1, which produces a potent exotoxin (Shiga toxin). T

significance of Shigella bacteria in water treatment and supply are describe here!”
in this series. \(1/
C2 Scope

The method is suitable for the examination of drinking water, myLS, g samples from all
stages of treatment and distribution, and those source waters of moderate turbidity.

Users wishing to employ this method should verify its ance under their own
laboratory conditions®® p&

%
Cc3 Definitions ’\A

In the context of this method, organisms th gl’m characteristic colonies on selective agar
media after culture in enrichment media a hich produce the serological and
biochemical reactions described are r%rded as Shigella species.

Bacteria in the genus Shigella ar@:ultative anaerobes, Gram-negative, non-motile rods.
Four species are commonly fot!qg; Shigella dysenteriae, Shigella sonnei, Shigella flexneri
and Shigella boydii. The orgdnisms are oxidase-negative and catalase-positive (with the
exception of Shigella dy. iae type 1 which is catalase-negative). Citrate is not used as
a sole source of carbo d with few exceptions, carbohydrates are fermented without
gas production. 0

c4 Princ@

Isolatio "‘&ed on concentration from water by membrane filtration, or the use of a filter
aid, fello by selective enrichment and subculture to a selective agar medium with
examination for typical colonies. Characteristic colonies may be confirmed by subculturing
for further biochemical testing or by slide agglutination for speciation.

C5 Limitations

This method is suitable for most types of aqueous samples except those with high
turbidities, which tend to block the membrane filter. This will limit the volume of sample that
can be filtered. In such instances, the use of several membrane filters or filter aid is
recommended. When low numbers of organisms are present, detection is dependent only
on the volume of sample that can be filtered and tested. High numbers of competing
organisms may inhibit the growth, or detection, of target organisms.
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Cé6 Health and safety

Media, reagents and bacteria used in these methods are covered by the Control of
Substances Hazardous to Health Regulations(g) and appropriate risk assessments should
be made before adopting these methods. Standard laboratory microbiology safety
procedures should be followed and guidance is given elsewhere® in this series.

Extra care should be taken in the isolation and identification of Shigella species due to the
pathogenic nature of the organisms. Staff should be adequately trained and supervised
and work involving subculture and handling of cultures should be performed in a
designated area of a properly equipped laboratory. Adequate facilities should be in place
for disposal and sterilisation of test materials. Q) .

N

C7 Apparatus Q

Standard laboratory equipment should be used which conforms to the kgkance criteria
outlined elsewhere® in this series. Principally, appropriate membra wtr tion apparatus
and incubators are required. Other items include (13

C71 Sterile sample bottles of appropriate volume, made of suitable material,
containing sufficient sodium thiosulphate pentahydrate to &5 final concentration in the
sample of not less than 18 mg/l (for example, 0.1 ml of a 1%8/% m/v solution of
NaxS203.5H,0 per 100 ml of sample, or equivalent). 6

C7.2 Incubator capable of maintaining a ter{é{éure of 37 £ 1 °C.

C7.3 Filtration apparatus, sterile or steriliﬂ&e filter funnels, and sources of vacuum.

C74 Sterile membrane filters, for e@‘nple, white 47 mm diameter, cellulose-based
0.45 ym nominal pore size.

C7.5  Smooth-tipped force&{\'
C8 Media and rea

Commercial formul of these media and reagents may be available, but may possess
minor variations ir formulations. The performance of all media and reagents should
be verified prio eir use in the method. Variations in the preparation and storage of
media should alSo be verified. Water should be distilled, deionised or of similar quality.
Unless ise stated chemical constituents should be added as anhydrous salts. If the
pHo %{edium is not within its stated range, then, before heating, it should be adjusted
accordirigly. Where media are stored in a refrigerator they should be allowed to reach

room temperature before use.

C8.1 Modified Hajna GN enrichment broth

Tryptone 200g
Glucose 109
Mannitol 2049
Sodium citrate 50g¢
Sodium desoxycholate 500 mg
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Dipotassium hydrogen phosphate 404¢
Potassium dihydrogen phosphate 159
Sodium chloride 50¢g
(DL) Serine 109
Water 1 litre

Dissolve the ingredients in the water and adjust the pH to 7.2 + 0.2. Dispense the resulting
solution (typically, 90 ml) into suitable containers, cap and sterilise by steaming at

100 °C for 30 minutes. After steaming, the pH of the medium should be checked to confirm
a pH value of 7.2 £ 0.2. Store at between 2 - 8 °C, protected against dehydration, and use
within one month.

C8.2 Modified desoxycholate citrate agar '\(b ’

Tryptone

Lactose

Sodium thiosulphate pentahydrate
Ammonium iron(lll) citrate

Neutral red (1%m/v aqueous solution)

20.0g (1/
VNN

800 mg
3ml t\(l/

Sodium desoxycholate 500 m
(DL) Serine 1.0 E\
Tetracycline hydrochloride rea
Agar %O
Water litre

Dissolve the ingredients (except tetracycline
be necessary to heat to boiling. Cool the re
the tetracycline as an aqueous filter-sterili

32 mg/l. Thoroughly mix the complete

and use within one month. The a

use. \

C8.3  Modified Hektg\ ar®

lid and allow the agar to solidify. Stg@

hIorlde ) in water. To achieve this, it will
olution to approximately 50 °C and add
solutlon to give a final concentration of
dium, pour into sterile Petri dishes, replace the
between 2 - 8 °C, protected against dehydration,
urface of prepared dishes should be dried before

Yeast extract 3.0g
Proteose peptonb 1209
Lactose 12.0g
Sucrose 12049
Sallcm % 20g
|ron (1) citrate 159
ACId fuc sin 100 mg
Bromothymol blue (1 % m/v aqueous solution) 6.5 ml
Bile salts number 3 90g¢g
Sodium chloride 5049
Sodium thiosulphate pentahydrate 50¢g
Agar 14049
Novobiocin 15.0 mg
Water 1 litre

Dissolve the ingredients in the water. To achieve this, it will be necessary to heat to
boiling. Cool the resulting solution to approximately 50 °C and pour into sterile Petri



dishes. Allow the medium to solidify and store at between 2 - 8 °C, protected from
dehydration, and use within one month. The agar surface of prepared dishes should be
dried before use.

C8.4  Filter-aid®

Diatomaceous earth 1 g (approximately)
Water 15 ml

Weigh out appropriate amounts of filter-aid into suitable bottles and add the water. Sterilise
by autoclaving at 121 °C for 15 minutes. Store in the dark at room temperature and use

within 12 months.
NO

C8.5 Other media

Standard and commercial formulations of other media and reagents us,{\{wkis method
include nutrient agar and saline solution. \t\

C9 Analytical procedure '\(1/

C9.1 Sample preparation OQ

Due to the likelihood that, if present, numbers of Shige@species in drinking water are
likely to be low, a sample volume of at least 1000 uld be examined. Smaller
volumes may be appropriate for polluted source rs.

C9.2 Sample processing &0

o

C9.2.1 Membrane filtration %

Filter an appropriate volume of sa@le. If the sample is turbid, several membrane filters
may be required. Alternatively sGg'large volume filtration system can be used®.

Place the sterile or disinf; filtration apparatus in position and connect to a source of
vacuum, with the stop urned off. Remove the funnel and, holding the edge of the
membrane filter wit Ile smooth-tipped forceps, place a sterile membrane filter

onto the porous di f the filter base. If a grided membrane filter is used, place grid-side
upwards. Repl e sterile funnel securely on the filter base. Pour or pipette the required
volume of sampie into the funnel. Open the stopcock and apply a vacuum not exceeding
65 kPa @m of mercury) and filter the water slowly through the membrane filter.

Clos opcock as soon as the sample has been filtered.

Remove the funnel and carefully transfer the membrane filter to, typically, 90 ml of
modified Hajna GN enrichment broth. The volume modified Hajna GN enrichment broth
can be adjusted according to the nature of the sample and the number of membranes that
may be needed. A minimum volume of 50 ml should be used. If more than one membrane
filter is required, all filters should be transferred to the modified Hajna GN enrichment
broth, ensuring that all the membranes are fully submerged.

The funnel can be placed in a boiling water bath if it is to be re-used. Alternatively, pre-
sterilised filter funnels can be used for each sample. If different volumes of the same
sample are to be examined, the funnel may be re-used without boiling provided that the
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smallest volume of sample is filtered first. For different samples, take a fresh pre-sterilised
funnel or remove a funnel from the boiling water bath. Allow the funnel to cool and repeat
the filtration process. If funnels are to be re-used, then after filtration of each sample,
disinfect the funnel by immersing it in boiling distilled, deionised or similar grade water for
at least one minute. During the filtration of a series of samples, the filter base need not be
sterilised unless it becomes contaminated or a membrane filter becomes damaged. Known
polluted and non-polluted samples should be filtered using separate filtration equipment.
Alternatively, polluted samples should only be processed after non-polluted samples.
When disinfected funnels are not in use they should be covered with a sterile lid or a
sterile Petri dish lid.

The time between the end of the filtration step and the beginning of the mcubatloEBage
should be as short as possible and no longer than 2 hours.

C9.2.2 Filter-aid Q

place of the membrane filter to act as a supporting base for the fi An aliquot of
filter-aid (typically, 15 ml) should be filtered to form an initial Iay e absorbent pad. A
second aliquot (typically, 15 ml) of filter-aid should be mixed with the volume of sample
and then filtered. For turbid or dirty waters, additional aliqu&bf filter-aid may be required.
When filtration is complete, remove the funnel carefullyzand.ransfer the absorbent pad
and filter-aid to modified Hajna GN enrichment broth. the same medium, rinse any
filter-aid adhering to the funnel into the culture vgss&@hd make up to 90 ml.

The usual membrane filtration apparatus may be used but with a st% sorbent pad in

C9.2.3  Enrichment and subculture to select&(}\gar

The modified Hajna GN enrichment broth membrane filters, and filter-aid if
appropriate, should be mixed well and {bgubated at 37 °C for 6 - 8 hours. After incubation,
gently shake the enrichment broth @p ate out loopfuls onto modified desoxycholate
citrate agar and modified Hektoe ar. Incubate the desoxycholate citrate and Hektoen

agars at 37 °C for 18 - 24 hog{\'
C9.3 Reading of res

After incubation, exafritte the Petri dishes under good light, and if necessary use a hand
lens. Colonies arg~qifferentiated as follows (see flowchart):
Colonial ap%a nce on modified desoxycholate citrate agar
,(&amsm Characteristic appearance
Shigell® small raised cream coloured colonies
Salmonella large black coloured colonies with a thin white periphery
Pseudomonas very small flat cream coloured colonies
Proteus cream coloured colonies with a small black centre
Escherichia pale pink coloured colonies with grey centres

Other coliform bacteria pink coloured mucoid colonies with raised centres

32



Flowchart for method C procedures
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Colonial appearance on modified Hektoen agar (see Figure 1)

Organism Characteristic appearance

Shigella moist green coloured colonies 2-4 mm in diameter (Shigella sonnei
may produce larger irregular colonies)

Salmonella blue-green colonies, with or without black centres

Pseudomonas large rough textured green coloured colonies

Proteus pale green or ochre yellow coloured colonies

Coliform bacteria  yellow coloured colonies. The medium around the colonies often
turns salmon pink

Figure 1 Colonies on modified Hektoen agar

Shigella species (dark green colonies) with Salmonella species (light b|U\6.& colonies)

\'\'\

C9.4 Confirmation tests@Q

Subculture typical colo@o a non-selective medium such as nutrient agar and incubate
at37°Cfor21+£3 . Isolates may be speciated using commercially available
biochemical test kits.2ind by slide agglutination using prepared anti-sera, following
appropriate pe ance verification in the laboratory.

Cc10 lations

This t'ésindicates the presence or absence of Shigella species.

c11 Expression of results

Shigella species are reported as being detected, or not detected, in the volume of sample
examined.

Cc12 Quality assurance

New batches of media and reagents should be tested with appropriate reference strains of
target bacteria (for example Shigella sonnei, Shigella flexneri) and non-target bacteria
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(Escherichia coli). Organisms should be incubated under the appropriate conditions.
Further details are given elsewhere® in this series.
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Address for correspondence

However well procedures may be tested, there is always the possibility of discovering
hitherto unknown problems. Analysts with such information are requested to contact the
Secretary of the Standing Committee of Analysts at the address given below. In addition, if
users would like to receive advanced notice of forthcoming publications please contact the
Secretary on the Agency’s web-page.

Secretary

Standing Committee of Analysts

Environment Agency (National Laboratory Service) .
56 Town Green Street f\%
Rothley

Leicestershire, LE7 7TNW (1/
www.environment-agency.gov.uk/nls '\\

Environment Agency

Standing Committee of Analysts Q
Members assisting with these methods 60

R A Barrell JV Lee

P Boyd DS

S Cole P

R Down tkins

D Drury @ eatherley

A Gawler %

O

Grateful acknowledgement is fade to Oxoid Ltd (www.oxoid.com) for providing the colour
photographs. @

@
O

S
N
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http://www.oxoid.com/

CONTACTS:

ENVIRONMENT AGENCY HEAD OFFICE
Rio House, Waterside Drive, Aztec West, Almondsbury, Bristol BS32 4UD

www.environment-agency.gov.uk
www.environment-agency.wales.gov.uk

ENVIRONMENT AGENCY REGIONAL OFFICES

ANGLIAN SOUTHERN
Kingfisher House Guildbourne House
Goldhay Way Chatsworth Road

Orton Goldhay
Peterborough PE2 5ZR

MIDLANDS

Sapphire East

550 Streetsbrook Road
Solihull B91 1QT

NORTH EAST

Rivers House

21 Park Square South
Leeds LS1 2QG

NORTHWEST
PO Box 12

Richard Fairclough House

Knutsford Road
Warrington WA4 1HG

&
N

Worthing
West Sussex BN11 1LD

SOUTHWEST
Manley House
Kestrel Way
Exeter EX2 7LQ

THAMES

Kings Meadow House
Kings Meadow Road
Reading RG1 8DQ

‘ Peterborough
ANGLIAN

MIDLANDS

Solihull 4

WALES

Cambria House
29 Newport Road
Cardiff CF24 OTP

THAMES  London
[}

’ Reading
SOUTHERN

SOUTH WEST

ENVIRONMENT AGENCY
GENERAL ENQUIRY LINE

08/08 506 506

ENVIRONMENT AGENCY

FL O OD L I

0845988

/]

sN:;_8E

ENVIRONMENT AGENCY
EMERGENCY HOTLINE

0800 80 70 60

ENVIRONMENT
AGENCY
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