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ABSTRACT

The dosument iz the third o a five-part serics, the whole
providing detailed gpuidelings for monitering the sanitary
quality of coastal marine recrcational and shellfish arcas. [
containg detailed recommended methodelogy for determination
of the main bacterial pathogens normally encountered In
polluted seawater. The six methods in the document refer
izolation #nd cnumeration of Selmenella in seawater and
sewage, determination of Staphyvlococcus aureus in seawater
and sewage by both the membrane filtration cubture (MF) and
multiple  test  tone  (MPM)  methods,  deteemination of
Pseudomonas  aeruginesa and mesophilic asromonads in
scawater by  the MF  method, and determination  of
Campylohacter in scawater and sewage.

Bach method, apart from containing definitions and
outlining the principles, lists apparatus and glassware 1o be
used, az well as cultwre medin (including ingredients),
chemicals and stock cultures. Sampling  and  analytical
procedures are described in detail, as well as expression of
resulis,

Model test report forms are also included.
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Salmonella in seawater and sewage

INTRODUCTION

The overall objectives of the Long-term Programme of Pollution Monitoring and
Research in the Mediterranean Sea (MED POQOL Phase Il), which constitutes the
environmental assessment component of the Mediterranean Action Plan, adopted by
the governments of the region in 1975, include the assessment, on a continuing basis,
of the state of poliution of the Mediterranean Sea, the identification of the sources,
pathways and effects of pollutants entering into it, and the establishment of temporal
trends in pollution levels.

In order 10 assist laboratories participating in this activity and to ensure the
necessary degree of intercomparison of data, a set of reference methods and guidelines
has been developed by the Regional Seas Programme of UNEP in cooperation with the
relevant specialized agencies of the United Nations system, as well as other
organizations. In these reference methods and guidelines, the style used by the
International Organization for Standardization (ISO) is followed as closely as possible.

In common with other microbiclogical methods and guidelines regarding
effluents, coastal recreational waters and shellfish areas, the original version of this
documeant was prepared by the World Health Organization within the framewark of the
MED POL Programme and issued by UNEP’s Regional Seas Programme as part of its
Reference Methods for Marine Pollution Studies series.

Actual preparation of methods and guidelines falling within the responsibility of
WHO is entrusted to competent microbiologists with experience of the relevant
characteristics of the Mediterranean marine environment, Following its preparation in
draft form, each method is reviewed by international experts in the field, either
individually or (normally) during consultation meetings. Foliowing their issue in
substantive form, methods and guidelines are distributed to Mediterranean laboratories
and are periodically updated and/or revised on the basis of experience.

SCOPE AND FIELD OF APPLICATION

The methods described are suitable for isolation and/or enumeration of
salmonellae in coastal recreational and shellfish waters. A separate technique is given
for 3. typhi. The methods described have three main advantages:

1. They provide a high recovery rate of Salmonelfla organisms.

2. They inhibit efficiently the growth of competitive organisms and especially of
the bacteria which produce Salmonefla-like colonies on plating media,
saving thus time and media.

. Their enrichment media can be prepared in advance and then stored for at
least three months, and they are cheaper than most of the media traditionally
used.

Salmonellag are always pathogenic bacteria for humans and they are widely
distributed in animals. Raw foods, especially of animal origin, are often contaminated
with these organisms. Sewage, food industry effluents, river and drainage water entering
the sea contain salmonellae, sometimes in high numbers.
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The organisms do not survive in seawater and although their die-off rates (T90)
have not been well studied, the TOQ time for saimonellae seems to be similar to that of
coliform bacteria. Solar radiation and temperature seem to be important factors for the
die-off phenomenon. Mowever, when interpreting results of the Salmonella isolation
techniques, the following should be taken into account:

1. Salmonellae are bacteria of intestinal origin.

2. The isolation techniques are not 100% effective.

3. The organisms die rapidly in seawater, especially under strong sun radiation
and high termperatures.

3. DEFINITION

The genus Salmonella is composed of Gram-negative rods that conform to the
definition of the family of Enterobacteriaceae. They are oxidase-negative, catalase-
positive, and do not either hydrolyze urea or deaminate phenylalanine. The majority of
strains are motile, active H,S producers, usually beta-galactosidase negative, form
lysine decarboxylase, and grow in citrate, but not in KCN media. Salmoneliae produce
acid and gas (with a few exceptions for gas) from glucose and attack mannital, usually
dulcito!, and sorbitol. By biochemical reactions they divide into 4 subgenera. More than
2000 serovars have been recognized.

4. PRINCIPLES

Samples of seawater are collected in sterilized bottles or disinfected plastic
containers. An appropriate sample volume or portions of decimal dilutions of the initial
seawater sample are passed through 0.45 ym pore size membrane fiiters which are
transferred into pre-enrichment media. After incubation, enrichment media are
inoculated and incubated at the appropriate temperature. Selective agar plates are
seeded from enriched media and, after incubation, typical Sa/monella colonies are
picked for subsequent biochemical and serological identification. Cultures with typical
or suspect Salmonella reactions are shipped to a Sa/monella Reference Centre for
complete identification.

5. APPARATUS AND GLASSWARE
5.1 Sample bottles of dark coloured borosilicate glass for surface seawater of 2 litres
capacity, wide-mouthed and with ground-glass stoppers, or plastic containers

of 2 litres capacity with a well fitting stopper (occasionally of 5 litres capacity).

52  Sample rod of non-corrosive material with a clamp to hold the sampling bottle
(Figure 1).

5.3  Subsurface sampler of the type shown in Figure 2, or similar, complete with
plastic rope and weight.

5.4  Thermoisolated plastic boxes with cooling pads or similar cooling units (camping
aquipment) for storage of samples.
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1) Submerge mouth 20-30 om
2) Turn extension arm 180%

Figure 1. Subsurface sampling with extension arm,

Wire

Messenger

—— Glass tube (breakable)

Rubber hose —

Metal frame

Sterile sample bottle

Heavy bottom weight

Figure 2. Sampler for sterile subsurface sampling.
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Thermoreter, 0 to 50 °C, precision + 1 °C, preferably of unbreakable plastic,
to be used for checking temperature in plastic hoxes (5.4).

Filtration apparatus for 4.7 cm diameter membrane filters consisting of at least
three filter funnels for simultaneous filtration, made of borosilicate glass or other
non-toxic sterilizable material (excluding metal fiter holders and funnels),
complete with electric or water vacuum pump.

Air or water incubator thermostatically controlled at 36 = 1 °C, and air incubator
thermostatically controlled at 42,0 = 0.2 °C, preferably with a water jacket.

Autoclave, with a maximum pressure of 2 atm, electric or gas, and sensitivity of
0.2 bars.

Drying oven for sterilization up to 170 °C.

pH meter, precision % 0.1 pH units.

Stainless steel forceps.

Analytical balance, precision = 1 mg.

Refrigerator thermastatically controlied at 4 = 2 °C.

Petri dishes of borosilicate glass, @ cm diameter, complete with stainless steel
containers for sterilization, or disposable pre-sterilized plastic petri dishes.

Erlenmeyer flasks of borosilicate glass for media preparation, of 500 m! and 1
litre.

Borosilicate glass bacteriological culture tubes.

Wide mouthed jars, of 100-120 ml and 350-500 ml, with stainless steel (or non-
corrosive) screw-caps, which can be sterilized in an autoclave.

Pipettes of borosilicate glass with total volume (blow-out) of 1, 5 and 10 ml
capacity, with stainless steel containers for sterilization.

Automatic pipettes for measuring 0.1 ml, with disposable pre-sterilized tips, or
pasteur pipettes of 0.1 ml (approximately).

Graduated borosilicate glass eylinders of 100, 500 and 1000 ml capacity with
glass beakers for cover.

Durham tubes for callecting gas produced during the glucose fermentation test.

Screw-capped bottles, of 5 m! (bijout), 100 and 250 ml capagcity.

Small glass tubes (10 x 95 mmj.

Steriie 0.9% sodium chloride solution,
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5.25

5.26

5.27

5.28

5.29

5.30

5.31

6.1

Slides for microscope.

Polyvalent-O and polyvalent-B Vi, 09 and Hd Salmonelia agglutinating sera.
Bacteriological loops made of 3 mm diameter. A straight wire is also required.
Heavy wrapping paper.

Rubber stoppers size no. 0. To be sterilized in wrapped petri dishes at 121 °C
for 15 minutes,

Membrane filters, 0.45 um pore size, 4.7 ¢m diameter.

Note: The 0.45 pm pore size membrane filters should be certified by the
manufacturer to be free from substances which may hinder the growth
and development of bacteria. Maximum recoveries are obtained using
membranes composed of mixed esters of cellulose.

Filters, 1.25 um pore size (approximately), and 4.7 cm diameter.

CULTURE MEDIA, CHEMICALS AND STOCK CULTURE

Note: The composition of the media is based on ane litre solutions or similar
units. Before preparation of media and solutions, the actual needs have
to be established and amounts must be chosen accordingly.

Buffered Peptone Water (BPW)

FPaptone 10049
Sodium Chloride 509
Disodium phosphate 359
Potassium dihydrogen phosphate 15¢g
Distilled water 1.0 litre

Preparation: Dissolve the ingredients in 1 litre of distiled water. Distribute 90 ml

(approximately) into 100 ml jars. Sterilize at 121 °C for 15 minutes, Final pH after
autoclaving should be 7.2 = 0.2, BPW can be stored at room temperature for 1-3
months, if screw-caps are air tight.

6.2

Rappaport-Vassiliadis Medium (RV)

Solution A:
Bacto-tryptone 05¢g
Sodium chloride 08¢

Potassium dihydrogen phosphate 0.16 ¢
Distilled water 100.0 mi
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Solution B:
Magnesium chloride 6H,0
Distilled water

Solution C:
Malachite green oxalate
Distilled water

Preparation of final medium:
Solution A
Solution B
Solution C

Salmonefia in seawater and sewage

40.0 ¢
100.0 mil

0.4 9
100.0 ml

100.0 ml
10.0 ml
1.0 ml

Preparation: The final medium is distributed in test tubes in 10 ml portions (for
immediate use) or in 50-100 ml portions (for storage) in screw-capped bottles and

sterilized at 121 °C for 15 minutes.

Note: Solution B is prepared by dissolving the whole content of a bottle into the
appropriate volume of distilled water, for example: 100 g of MgCl, 6H,0
are dissolved in 250 ml distiled water. Preferably analytical grade
magnesium chloride, kept in well sealed bottles, should be used.
Solution B can be stored for a long time at room temperature. Solution
C can stored in a dark botlle protected from the light. The sterilized final
medium can be stored in a refrigerator for at least 3 months.
Commercially available dehydrated medium of the same composition can

be used.

6.3 Modified Rappaport’s Medium (R25)

Solutions A, B and C are prepared as for the RV medium.

Final medium:
Solution A
Saolution B
Solution C

100.0 ml
10.0 mi
25 mi

Preparation: The final medium is distributed in test tubes in 10 mi portions (for
immediate use) or in 50-100 ml portions (for storage) in screw-capped bottles and

sterilized at 121 °C for 15 minutes.
6.4 Selenite Cystine Broth (5CB)

Tryptone

Lactose

Disodium phosphate
Sodium acid selenite
L-cystine

Distilled water

5049
4049
10049
4049
0.01¢
1.0 litre

Preparation: Distribute the medium in sterile test tubes in 10 m! portions for
immediate use, or in 50 - 100 mi portions in screw-capped bottles (for storage). Steam




Salmonella in seawater and sewage t-1-7

for 10 minutes. DO NOT AUTOCLAVE, Final pH after preparation should be 7.0 + 0.2.
Store in a refrigerator. Old tubes or bottles in which even a slight evaporation has taken
place should not be used. The medium is commercially available.

Important Note: This medium should not be handled by pregnant women.

6.5  Brilliant Green-Deoxycholate Agar (BGDA)

Lab. lemco powder 50g
Bacteriological peptone 10.0¢g
Yeast extract 30g
Disodium hydrogen phosphate 1.0g
Sodium dihydrogen phosphate 06g
Lactose 100 ¢
Sucrose 10.0 g
Phenol red 0.09¢
Brilliant green 0.47 mg
Agar 120g
Distilled water 1.0 litre

Preparation: Heat gently to dissolve completely the ingredients. Avoid
unnecessary, prolonged heating. DO NOT AUTOCLAVE. Add 2.5 grams of sodium
deoxycholate to 1 litre of medium. The final pH should be 6.9 * 0.2. Cool and pouwr into
petri dishes. Plates must be dried until no condensate water is present. Overdried plates
should not be used. Plates can be stored in a refrigerator for 2-4 days, until they
become excessively dry.

Note: Commercially available dehydratad medium of the same composition can
be used.

6.6 Bismuth-Sulfite Agar (BSA)

Beef extract 50¢g
Peptone 100 g
Dextrose 50¢g
Disodium phosphate 409
Ferrous suifate 03¢
Bismuth sulfate indicator 80g
Agar 20.0 ¢
Brilliant green 0.025 ¢
Distilled water 1.0 litre

Preparation: Heat gently until the medium begins to boil and simmer for 30
seconds to dissolve the agar. Cool and, after efficient agitation for homogenization, pour
thickly into plates. Final pH should be 7.6 * 0.2. Dry the plates before use. Do not use
plates that are overdried or more than 1 day old.

Note: The dehydrated medium is commercially available.
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MacConkey Agar (MCA)

Peptone 20.0 ¢
Lactose 1009
Bile salts 5.09
Neutral red 0.075 ¢
Agar 12.0 g
Distilled water 1.0 litre

Preparation: Heat to dissolve completely. Sterilize by autoclaving at 121 °C for

15 minutes. Mix well before pouring. Final pH should be 7.4 £ 0.2. Dry the surface of
the gel before inoculation.

6.8

Note: Commercially available dehydrated media of MacConkey agar or MCA
formulae can be used.

Hektoen Enteric Agar

Protesose peptone 120 g
Yeast extract 3049
Lactose 120 ¢
Sucrose 120 g
Salicin 20¢g
Bile salts No. 3 80g
Sodium chloride 5009
Sodium thiosulphate 509
Ammonium ferric citrate 1.5¢
Acid fuchsin 0.1g
Bromothymol blue 0.085 g
Agar 14.0 g
Distilled water 1.0 litre

Preparation: Soak ingredients for 10 minutes. Heat gently and allow to boil for

a few seconds to dissolve the agar. DO NOT AUTOCLAVE. Final pH 7.6 = 0.2, Cool
to 60° C and pour plates.

69

Note: The medium is commercially available.

Salmonella Shigella Agar

Lab-Lemco powder 5049
Peptone 50g
Lactose 10049

Bile salts 85g
Sodium citrate 10.0 g
Sodium thiosulphate 8549
Ferric citrate 1049
Brilliant green 0.00033 ¢
Neutral red 0.025 g
Agar 15.0 ¢

Distilled water 1.0 litre
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Preparation: Soak ingredients for 10 minutes. Bring to the boil with frequent
agitation and allow to simmer gently to dissolve the agar. DO NOT AUTOCLAVE. Cool
to about 60° C, mix, and pour in Petri dishes. Final pH 7.0 = 0.2,

Note: The medium is commercially available.

6.10 Kligler Iron Agar (KIA)

Meat extract 3049
Yeast extract 309
Peptone 2004
Laclosa 1009
Dextrose 1.0g
terric citrate 0.3g
Sodiurmn thiosulfate 03¢g
Sodium chloride 509
Phenol red 0.05¢
Distilled water 1.0 litre

Preparation: Dissolve the ingredignts by heating and dispense in tubes. Sterilize
at 121 °C for 15 minutes. Final pH after autoclaving should be 7.4 = 0.2. Allow to set
as slopes with 2 cm {approximately) butts.

Note: The medium is commercially available.
Blood Agar Base (BAB)

Beef heart, infusion from 50004q
Bacto-tryptone 1004¢
Sodium chloride 504¢g
Agar 15049
Distilled water 1.0 litre

Preparation: Dissolve the ingredients completely by heating. Distribute in small
tubes (10 x 85 mm) and sterilize at 121 °C for 15 minutes. Final pH after autoclaving
should be 7.0 = 0.2. Sterile rubber stoppers replace the cotton plugs after sterilization.
Small screw-capped bottles (bijout) can also be used instead of tubes. Caps should be
kept loose during sterilization,

Well sealed tubes or bottles can be stored at room temperature until use for
inoculation and shipping of cultures,

Note: The medium and similar blood agar base media are commercially
available,

6.12 Simmons Citrate Agar
Magnesium sulfate

Monoammonium phosphate
Dipotassium phosphate




Hi-1-10 Salmonella in seawater and sewage

Sodium citrate 2049
Sodium chloride 509
Agar 15.0 g
Bromothymol blue 0.08 g
Digtilled water 1.0 litra

Preparation: Dissolve the ingredients by heating. Distribute in tubes or bottles
and sterilize at 121 °C for 15 minutes. Final pH after autoclaving should be 6.8 £ 0.2.
Allow to cool in semi-slant position.

Note: Dehydrate medium is commercially available.

Decarboxylase Test Media
Basal medium

Yeast extract 30¢g
Dextrose 109
Bromeresol purple (1,6% aq. sol.} 1.0 mi
Distilled water 100.0 ml

Preparation: The basal medium is divided in 4 portions. L-lysine 0.5% (w/v) is
added to 3 portions of the medium and all 4 portions are sterilized at 121 °C for 15
minutes. Final pH after autoclaving should be 6.1 = 0.2, Prior to use, 3 mi of the
complete medium are transferred to sterilized small test tubes (approx. 10 x 95 mm)
with rubber stoppers. A tube with the basal medium (without L-lysine) should also be
used in each series of test.

6.14 Urea - Phenylalanine Broth (Urea-PPA)
(For the detection of urease and phenylalanine diaminase)

Yeast extract 1.049
Ammonium sulfate (cryst.) 20qg
Sodiurn chloride 304g
Disodium phosphate 1.2¢g
Sodium dihydrogen phosphate 08¢
DL-b phenylalanine 2049
Distilled water g7.0 ml

Preparation: Dissolve by gentle warming. When solution cools to room
temperature, add 5 g of urea and 3.5 ml of phenol red solution (0.5 g phenol red, 20 mi
0.1 N NaOH, and 230 ml distilled water). The complete mediumn is sterilized by filtration
through a Seitz filtre, and distributed under sterile conditions in 10 ml portions,
preferably in screw-capped bottles or well sealed sterile containers. To use the medium,
prepare 1:10 dilutions (1 part of medium plus 9 parts sterile distilled water) and
distribute in small test tubes (approx. 10 x 95 mm).

Note: The reagents for the PPA reaction appear in section 6.18.
Tryptone Water
Tryptone 10049

Sodium chloride 50¢
Distilled water 1.0 litre
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Preparation: Distribute in test tubes in portions of no less than 5-6 mil. Sterilize
at 121 °C for 15 minutes. Final pH after autoclaving should be 7.5 + 0.2.

6.16 MR-VP Medium

Peptone 50¢g
Glucose 50¢
Dipotassium phosphate 50¢g
Distilled water 1.0 litre

Preparation: Distribute in tubes and sterilize at 121 °C for 10 minutes. Final pH
after autoclaving should be 7.5 = 0.2

6.17 Beta-Galactosidase or ONPG Test
it is recommended to use commercially available disks for ONPG test.

6.18 Carbohydrate Fermentation Media
Basal medium

Peptone 1009
Beef extract 2049
Sodium chloride 50¢g
Bromothymol blue solution 120 ml

{1 gram bromothymao! biue and 25 ml,
0.1 NaOH, in 475 ml distilled water)
Cistilled water 1.0 litre

Preparation: Dissolve the ingredients by heating. Final pH after autoclaving
7.0 = 0.2. Divide the basal medium into 4 portions and add to each the following
sugars: glucose 1%, salicine 0.5%, and lactose 1%. After adding glucose, add the
inverted durham tubes. Sterilize at 121 °C for 10 minutes,
6.19 Test Reagents

6.19.1 Kovac’s indole reagent

Paradimethyl aming-benzaldehyde 50¢9g
Amyl alcohol 75.0 mi
Concentrated hydrochloric acid 25.0 mi

Preparation: Dissolve the benzaldehyde in amy! alcoho! and add hydrochloric
acid. The reagent should be yellow. Only high grade analytical ingredients should be
used.

6.19.2 Barrit’s reagents for Voges-Proskauer test

1. Alpha naphthol in absolute alcohol 0.6%
2. Potassium hydroxide 40.0%

Test procedure: To 1 ml of a 48-h culture in MR-VP medium add 0.6 ml of
solution no. 1 and 0.2 ml of solution no. 2. Shake well after the addition of each
reagent. Read after 5 minutes.
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6.19.3 Methyl red reagent

Methy! red 01g
Ethyl alcohol 300.0 ml

Preparation: Dissolve the dye in the alcoho! and then add distilled water to
500 ml.

Test procedure: Add 5-6 drops in 5 ml of a 24-h culture in MR-VP medium. Read
immediately.

6.19.4 Phenylalanine reagents (for PPA test, 6.13)

Hydrochioric acid 0.1 N
Ferric chloride 10.0% (aqu. s0!.)

Test procedure: After reading the urease test, add a few drops of 0.1 N HCl until
colour appears. Add a few drops of 10% FeCly and shake. A dark green colour
indicates a positive reaction,

6.20 Thiosulfate Solution

Preparation: Prepare a 10% (10 g/100 mi) sodium thiosulfate solution in distilied
water and sterilize by filtering through a sterile membrane filter (5.30 or 9.2). The
sterilization can be omitted if the solution is prepared every 2-3 weeks and kept in the
refrigerator.

7. SAMPLING
Details of a sampling plan are provided in Part | of these guidelines.
7.1 Sampling of Surface Water

Attach a clean sterile bottle to a clean sampling rod (5.2). Immediately before
submerging the sample bottle, remove the ground glass stopper from the bottle without
touching the stopper cone. immerse the bottle from the bow of the boat or from the
windward side while the boat is moving forward slowly. Push the bottle with the
sampling rod 25 cm under the water surface with the mouth of the bottle downwards,
in order to aveid contamination by surface film, then turn the sample bottle upwards and
take the sample (Figure 1). The sterile sample bottle may also be filled directly by hand
(Figure 3).

Retrieve the bottle and discard some water, if necessary, so that some air space
remains in the closed bottle. This space is needed for homogenizing the water sample
at the receiving laboratory. Replace the glass stopper and store the samples in the
clean thermoisolated box with cooling pads at about 4 °C, avoiding exposure to more
than + 10 °C. Separate bottles from each other with ¢lean wrapping paper to avoid
breakage. Check the temperature with a thermometer every 3 hours. Repor
irregularities in the test report. Label sample bottles indicating the sampling station, the
time of sampling and other factors relevant ta the interpretation of the results.
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Figure 3. Subsurface sampling by hand.

7.2  Sampling of Subsurface Water

Lower the sterile subsurface sampler after attaching it to a clean plastic rope,
without letting the weight disturb the bottom sediments (Figure 2). Release the
messenger and after one minute retrieve the sampler and store it in a thermoisolated
box. Proceed as for sampling of surface water (7.1).

7.3 Sampling of Sewage Effluents

Sampling of sewage is relatively difficult because the raw waste varies both in
composition and in flow. Sampling should be performed at points where there is a good
mixture of the material to be sampled, unaffected by earlier deposits. Composite
samples should be obtained when the aim is to measure average quality over a period
not exceeding 24 hours. Sampling should be performed as described in 7.1 above. If
the bottle is filled directly by hand, long rubber gloves, covering the hand and fore-arm
should be worn.

The water sample represents the test solution.

Note: It is known that the die-away rate of bacteria at ambient temperature in
the presence of light is very high. Therefore, all efforts should be made
to coliect only the number of samples than ¢an be filtered and incubated
the same day. if this is not possible, the samples should be stored at
+ 4 °C and analyzed not later than 24 hours after sampling.
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8. WASHING AND STERILIZATION OF GLASSWARE AND EQUIPMENT
8.1 Washing of Glassware and Equipment

All glassware and apparatus should be washed with non-toxic detergent, first
rinsed thoroughly with hot tap water and then rinsed at ieast three times with distiled
water.

8.2 Sterilization of Glassware and Equipment
8.2.1 Surface sample bottles

Wash glass bottles as described under 8.1. Dry and sterilize them in a drying
oven at 160 °C for 2 hours, or at 170 °C for 1 hour. Before sterilization, place a small
piece of filter paper in the neck of each bottle to prevent the ground glass stopper from
sticking after cooling. After cooling to ambient temperature in the drying oven, remove
this filter paper with sterilized forceps and fit the ground glass stopper securely into the
neck of each bottle. Put the bottles into detergent-cleaned thermoisolated boxes.
Separate the botiles from each other with clean wrapping paper to avoid breakage.

Wash plastic bottles as described under 8.1, then treat them with alcohol 95°,
After adding an appropriate volume of alcohol to each bottle, they are tharoughly
agitated, keeping its stopper in place. After 2-3 alcohol washings, the bottle is well
drained and kept in an oven at 40-50 °C temperature until complete evaporation of the
alcohol. The stopper is also placed on a sterile petri dish to dry.

8.2.2 Subsurface sampler (5.3)

Wash the subsurface sampler as described under (8.1), rinse with tap and
distilled water. Enclose each sampler in heavy wrapping paper or aluminium foil and
sterilize them in an autoclave at 121 °C for 15 minules.

8.2.3 Petri dishes and pipettes

Clean dishes and pipettes, complete with a cotton plug in the mouthpiece, are
put into suitable stainless steel containers and sterilized in a drying oven at 160 oC for
2 hours, or at 170 °C for 1 hour.

Note: Disposable pre-sterilized plastic petri dishes may be more economical to
use than re-usable glass petri dishes.

8.2.4 Filter funnels of filtration apparatus (5.6)

Loosen the filter-holding assembly slightly and wrap the whole filter funnel in
heavy wrapping paper or aluminium foil. Sterilize in an autoclave at 121 °C for 15
minutes, or in a drying oven at 160 °C for 2 hours, or at 170 °C tor 1 hour.

8.2.5 Membrane filters

Remove the paper separator (if present) and place 10 to 12 clean membrane
filters into petri dishes. Autoclave them at 121 °C for 15 minutes. Once sterilization is
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complated, let the steam escape rapidly in order to minimize the accurnulation of
condensate on the membrane filters.

Note: Sterilized membrane filters are commercially available.
B.2.6 Forceps

Forceps are wrapped in paper and sterilized at 121 °C for 15 minutes. If they
have plastic parts which do not tolerate repeat exposure to high temperature, or in case
of emergeancy, boil them for at least 20 minutes in distilled water. Salmonellae and non-
sporing organisms do not withstand such treatment.

8.2.7 Culture tubes

Close culture tubes for enrichment media with cotton plugs or metal caps, and
sterilized them in an autoclave at 121 °C for 15 minutes, or in a dry oven at 160 °C for
2 hours, or at 170 °C for 1 hour. Follow the same procedure for sterilization of the small
tubes (10 x 95 mm) used for urease and decarboxylase tests.

9. TEST PROCEDURE
9.1 Principles of Methodology

A direct isolation or counting of salmonellae from seawater is impracticable
because:

a. It is not possible to inoculate large volumes of seawater on the surface of
selective agar plates.

b. The number of salmonellae is so small compared to that of the non
salmonellae enteric bacteria that it is impossible to develop and isolate
characteristic on selective media.

¢. Seawateris an hostile, inimical environment for enterobacteria. Consequently,
salmonellag are very often sub-lethally injured and thus unable to grow on
selective and even in enrichment media,

It has been observed that a pre-enrichment step in a non-selective medium,
followed by an enrichment technique and plating on selective media, results in the
highest recovery of salmonellae.

Isolation and counting of salmonellae by this improved technique reguires
inoculation of large volumes of seawater into the pre-enrichment media. Apart from the
possible interference of seawater constituents during the pre-enrichment phase, the use
of large volumes of media and high capacity jars and incubators is costly and time
consuming. To overcome these difficulties and to obtain a more predictable result, a
concentration technique can be used, by filtering an appropriate volume of seawater
through a membrane filter of the appropriate pore size. After filtration, the membrane
filter is transferred into small jars containing the pre-enrichment medium; by filtering
decimal dilutions of seawater and culturing the corresponding membranes, the method
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becomes quantitative. Similarly to the multiple test tube technique, the tables of the
Most Probable Number can be used to calculate the concentration of salmonellag in a
given volume of seawater.

From the numerous enrichment media available, the Muller-Kauffmann
tetrathionate broth, incubated at 43 °C, was recommended as the medium of choice for
Salmonelia isolation from meat and meat products (Anon. 1975). However, a series of
publications have shown that a slight modification of Rappaport’'s medium (Rappaport
et al., 1956), the so-called R25 medium (Vassiliadis et al., 1970), incubated at 37 C,
was superior or at least equally efficient to the tetrathionate broth for isolation of
Salmonella.

The more significant advantages of the R25 medium over the tetrathionate broth
are: 1) it is easier to prepare, 2) it can be stored for at least 3 months, and 3) itis much
maore economical.

Further investigations by Vassiliadis and co-workers (Vassiliadis et al., 1976,
1978, 1979a, 1979b, 1981, 1984; Papadakis and Efstratiou, 1880; Xirouchaki et al.,
1982) showed that a more drastic modification of Rappaport’s medium, the so-called
Rappaport-Vassiliadis (RV) medium, was definitely superior to Muller-Kauffmann
tetrathionate broth for Salmonella isolation. These findings have been also confirmed
by others (Alcaide et al., 1982; van Schothorst and Renaud, 1988; Fricker et af., 1983;
Tongpin, Beumer and Kampelmacher, 1984).

An additional advantage of the RV medium over the other enrichment media, in
addition to those mentioned far the R25 medium, is that the RV medium is more
effective in inhibiting competing germs and especially those producing salmonelia-like
colonies on the selective plates (Vassiliadis, 1983).

9.2 Qualitative Test for Salmonellae in Seawater

One litre of seawater is filtered through one or more (in case of blockage)
membrane filters of 0.45 um pore size, using a sterilized fiter apparatus. If seawater is
turbid and blocks quickly the membrane filters, it is recommended to prefilter the
sample through a filter pad.

The membrane filters, including those used for prefiltration, are transferred with
sterile forceps into a jar containing 80 ml buffered peptone water for the pre-enrichment
step. The membranes are completely immersed into the medium and the jar is
incubated at 37 °C for 18-20 hours.

With a sterile (tip) automatic or pasteur pipette, 0,1 ml are transferred to 10 mi
enrichment RV medium, which is incubated at 42° C for 24 and 48h. However if the
water sample is contaminated with Pseudomonas aeruginosa incubation at 43° C is
recommended or verification of great number of typical colonies is necessary. The
colonies of Ps. aeruginosa are very similar to the Sa/monelfa colonies, but at 43° C this
organism is relatively inhibited though salmonellae grow freely (Vassiliadis et al. 1992).
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After incubation, brilliant green-deoxycholate agar plates and Hectoen agar
plates are streaked at 24 and 48 hours intervals, The plates are incubated at 37 °C for
24 hours.

Typical salmonellae ¢olonies are 2-3 mm diameter, smooth, red coloured, and
surrounded by bright red medium. Three to four of those colonies are inoculated into
tubes with Kligler's medium and then incubated at 37 °C for 16-24 hours. The typical
reactions of salmoneliae on Kligler's medium are:

Bult = gas and blackening (H,5 production).
Slant abundant growth without significant change of the original colour of
the medium (red).

As a few strains of saimonellae may be anaerogenic or not H,8 producers, it is
recommended not to discard those tubes without gas or without blackening.

Although the technique described efficiently inhibits Proteus strains to flourish,
it is recommended to inoculate Kligler's medium up to 5-10 mm from the top of the
slant. Proteus strains causing the same reactions that Salmonellae, often swarm to the
top end, a phenomenon easily recognized by careful observation.

From typical 24-hour cultures on Kligler's medium, a slide agglutination test is
performed using polyvalent-0 and polyvalent-H Salmonella agglutinating sera. Cultures
with typical reactions and positive sero-tests are streaked on MacConkey’s agar plates,
from where 1-2 isolated, smooth colonies are transferred to blood agar base slopes in
small tubes, and incubated at 37 °C for 18-24 hours, The incubated tubes are shipped

to the nearest Salmonelia Reference Centre {(or other laboratory) for further typing.

When suspect colonies give no typical reactions, then a series of differential tests
can be applied (see Table 1).

9.3 Alternative Qualitative Test for Salmonellae in Seawater

The procedure is the same as described in the section above (8.2), except for
the use of the R25 medium and a temperature of incubation of 37 °C for 24 and 48
hours.

Some authors (Harvey et al., 1979) have found this technique better for
Salmonella isolation from water. Moreover there is no need for an extra incubator at
43 °C. Nevertheless the use of RV medium and an incubation temperature of 43 °C
always results in a better inhibition of competing microbes and especially those
producing Salmonella-like colonies on selective plates.

9.4 Qualitative Test for 5. typhi in Seawater

One litre of seawater is filtered according 1o the previously described technique
(9.2). Selenite cystine broth (SCB) is used as enrichment medium, instead of RV
medium. The broth is inoculated with 1 mi (instead of 0.1 ml) from the BPW jar and
incubated at 37 °C.
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After 24 and 48 hours of incubation the enrichment medium is subcultured using
a loop onto bismuth sulphite agar (BSA) and/or SS agar plates. All plates are incubated
at 37 °C for 24 hours, and suspect colonies are transferred to Kligler's tubes for
differential diagnosis. If negative, BSA plates are incubated for another 24 hours,

S. typhi colonies grown on S5 medium are colourless, non-lactose fermenters,
and of butyric consistency. On freshly prepared bismuth sulfite agar (no more than 2
days old) 8. typhi develops dark colonies with a surrounding halo of black or brown
colour of the medium. On Kligler's medium, S. typhiis anaerogenic with a faint amount
of blackening. For serology identification see the last section of this method.

9.5 Quantitative Tests for Salmonellae in Seawater

When counting small numbers of salmoneliae per litre, the following portions of
seawater can be filtered: 1 x 500 mil, 5 x 100 ml, and 5 x 10 ml.

After filtration all membranes are transferred to the properly labelled jars with 80
ml (approximately) BPW, and then incubated at 37 °C for 18-20 hours. Using an
automatic or a pasteur pipette, transfer 0.1 ml from the BPW cultures to properly
labelled tubes with 10 ml RV medium. The enrichment tubes are incubated at 42 °C,
and after 24 and 48 hours brilliant green-deoxycholate agar plates are streaked and
incubated at 37 °C for 24 hours (IS0 1990). However, when Ps. aeruginosa is present,
especially in high numbers, the incubation of RV medium should be at 43° C.
Salmonelia-like colonies are subcultured into Kligler iron agar tubes for biochemical and
serological identification. The water portions giving a positive result for salmonellag are
recorded and the MPN of salmonellae per litre is calculated from the MPN tables (Annex
1). For example, if salmonellae were isolated from the 500 mil filtration, from 3 of the 100
ml portions, and from 1 of the 10 m! portions, then the MPN of salmonellae per 1 litre
of seawater is 11 (Table 4, Annex 1),

The combination of water portions to be filtered depends on the laboratory
facilities, the expected concentration of salmonellae in seawater, and the desired
accuracy of the results. Tables 1 10 5 in Annex 1 can be used as a guideline. The
combinations considered in Table 4 (11 filtrations) and Table 5 (9 filtrations) are
generally appropriate.

Salmonellae determination in turbid seawater, with high concentration of
suspended particles or algae, require a pre-filtration step using a good quality filter
paper or a membrane filter. It is important that these pre-filters should be cultured
together with the corresponding membrane filters of 0.45 pm porosity. If the water
turbidity is low, the filtration step may be completed using 2-3 membrane filiers
(0.45 pm), avoiding the laborious pre-iltration step.

9.6 Alternative Quantitative Test for Salmonellae

The procedure is the same as that described in section 9.4 above, except far the
use of the R25 medium and a temperature of incubation of 37 °C for 24 and 48 hours.
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9.7  Quantitative Test for S. typhi

The procedure is the same as that dascribed in section 9.3 above, except that
several seawater portions will be filtered and analyzed. The seawater volumes to be
filtered will vary according to the expected concentrations of &. typhi. Tables 1to 5 in
Annex 1 can be used as a guideline.

10. ISOLATION AND ENLUMERATION OF SALMONELLAE FROM SEWAGE
101 Qualitative Test

As sewage is turbid and contains numerous suspended particles, a prefiltration
step becomes usually necessary (9.3). The volume to be filtered depends on the
expected density of salmonellae in the water analyzed and may vary from 10 to
1000 ml. All the filters used during the prefiltration and filtration steps should be
introduced in the same BWP jar; the analytical procedure then proceeds as described
in section 9.2, or in section 9.3 for the alternative enrichment technique.

The same filtration and pre-enrichment procedure is applied for 5. typhiisolation.
However, selenite cystine broth (5CB) is used as enrichment medium, instead of RV or
R25 media, and incubation is done as described in section 9.4. Typical S. typhi
colanies on selective plates are further identified as described in section 11,

102 Alternative Qualitative Test for Salmonella

As filtration of sewage is very often difficult, it may be necessary to use an
alternative technique for Salmonelia detection. Moor's swab has been proved efficient
and it makes unnecessary to sample and transport large volumes of sewage into the
laboratory, where filtration may be difficult. To prepare the swab, an ordinary gauze of
15 x 45 cm size is folded many times and tied up in the middle by a good guality string
or wire. After it has been properly wrapped in a good quality paper, it is sterilized in an
autoclave or an air sterilizer. To use it, the cover paper is torn up with care and the
swab is fixed by the string or wire 10 the end of a good quality wire properly secured (a
string is not recommended because it is attacked by rats or mice). An appropriate
sinker {a lead weight, or even a suitable stone} is also fixed in order to keep the swab
always immersed in the sewage, even in case of a strong current.

After 24 hours, and preferably after 48 hours, the swab is collected and detached
from the wire and the sinker. The swab is left to drain (without squeezing it) and is then
immediately transferred to the laboratory in an empty sterile jar of 350-500 ml. At the
laboratory, 180-200 ml of BPW are added to the jar and it is incubated as described in
section 9.3. For S. typhi selection, SCB is used as enrichment medium, instead of RV
or R25 media, and incubation is done 37 °C for 24 and 48 hours, as described in
section 9.4.

10.2 Quantitative test
The most probable number of salmoneliae per litre of sewage can be found by

filtering 3 (or 5} portions of 100, 10 and 1 ml and incubating the corresponding filters
in separate cultures. As sewage usually containg numerous salmonellag, smaller
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volures (eg. 10, 1, 0.1) are normally recommended for use. In this case, the direct
inoculation of sewage into a 10 times (approximately) larger volume of BPW is more
simple method than the filtration technique. Three portion of 10 mi sewage are
transferred to 3 jars containing 90 ml BPW, and 3 portions of 1 ml and 3 portions of
1 ml from a 1/10 dilution are inoculated into tubes containing 10 ml BPW. Incubation,
subculture into enrichment media, and plating on selective media are the same as
described in section 9.5. The same technique is applied to quantify S. typhi, but SCB
is used as enrichment medium, as described in section 9.4.

11. BIOCHEMICAL AND SEROLOGICAL IDENTIFICATION OF SUSPECT
CULTURES

11.1 Typical Biochemical and Serological Reactions

The majority of Salmonella strains give typical reactions on Kligler's medium.
However it must be mentioned that anagrogenic strains (no gas in the butt) do occur,
an important example being 8. typhi. The same holds true for H,5 production. Some
straing are not H,S producers (blackening of the butt) among them &. paratyphi A, S.
pullorm, 8. senftenberg, and even a few 5. typhimurium. For that reason, cultures with
atypical reactions (no gas or no blackening) are examined using either an agglutination
test against polyvalent-O and polyvalent-H Salmonella sera and/or further biochemical
tests,

Moreover Proteus and Citrobacter straing may resemble Salmonella
appearance on Kligler's medium. It is obvious that these cultures do not react with
polyvalent-O and polyvalent-H antisera, although Proteus species aggiutinate
sometimes. Citrobacter cultures may also agglutinate with anti-Vi serum but the Kligler's
medium provides an immediate recognition of Proteus cultures. A rapid positive urease
test in the urea-PPA medium (it turns red within a few hours of incubation) and the PPA
positive reaction after 24 hours are characteristic of Proteus species (Table 1).
Citrobacter cultures may be excluded from Salmonelia species by a negative lysine
decarboxylase test and positve ONPG (some salmonellae are also positive) and
occasionally positive urease and salicine tests. Shigella strains do not stand the
techniques described for salmonellae, but rather occasionally they may pass through
SCB and then grow on SS plates. These very rare cultures can be easily recognized by
the different Kligler's appearance and the other tests cited in Table 1. Escherichia,
Klebsiella, Enterobacter and Serratia give different, rather characteristic reactions on
Kligler's medium, but usually do not show Salmonelia-like colonies on selective plates.
Yersinia enterocolytica, like Shigella, do not stand the enrichment media nor does it
grow on BGDA and BSA. Pseudomonas colonies may be confused with salmonellae,
but their Kligler's reaction and an oxidase test will differentiate them easily (see also
Table 1),

11.2 Slide Agglutination Test

Typical or suspect salmonellae colonies must be examined by the slide
aggiutination test. Using a pasteur pipette, a drop of sodium chloride solution (5.24) is
transferred onto a microscope slide. A thick suspension of the suspect culture is made
with a straight wire from a 24 hour Kligler's slope. The progress of the agglutination
process is observed after the addition of the serum, with the aid of a magnifying lens.
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Freshly isolated 8. typhi cultures may not agglutinate with polyvalent-Q antisera,
but they react with anti-Vi specific serum. A suspension of the culture is heated for 15
minutes in boiling water and, after it cools to room temperature, the agglutination test
is repeated using polyvalent-O or specific antt-09 serum,

11.3 Shipment to Reference Centres

All positive or suspect Salmonella cultures are streaked on MCA, and 1-3
smooth typical colonies are transferred onto blood agar slopes in small test tubes with
rubber stoppers. Simultaneously a new Kligler's agar tube is inoculated and all tubes
are incubated at 37 °C for 20-24 hours. If Kligler's reaction is typical, meaning that no
contamination has taken place during subculturing, the incubated tubes are packed
properly and shipped to the nearest Salmonella Reference Centre, or other laboratory,
for complete identification.

Important note: The methods described allow for the best recovery and
enumeration of salmonellae. However by subculturing RV and R25 media only during
24 hours {(and not 48 hours) the methods are abe to recover approximately 85% of
Salmonella isolations that would be obtained when using 48 hours incubation
(Vassiliadis, 1984; personal communication). Therefore laboratories with restricted
facilities and staff can simplify the methods described by subculturing from enrichment
RV and R25 media after 24 hours.
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12.  TEST REPORT

Table 2. Salmonellae in seawater and sewage samples,

1. Bampling area 2. Bampling point code nurmber:
country: (station) longitude:
area: latitucie:
3. Time of sampling hour: .~ day: month: year:

4, Sampling and environmental conditions

Sampling depth: Container nurmber:
Temperature at sampling depth:
Salinity at sampling depth: Duration of storage:

{other factors which may influence the results should be reported under 11)

5. Time of pre-filtration hour . day: / /
&. Time of filtration hour: . day: / /
8.  Qualitative and Quantitative Test for Salmonellae (including 8. tvehi
Cuiture medium: Sample Positive
Start pre-enrich.;  hourn day: _ [/ [/ volume reactions
End pre-enrich.:  hour: day. /[ [/ 300 _
Start incub,: hour: day. /[ w
End incubation: hour: day. _/ [/ oo __ _ _
Kiigler incub.: hour: day.: [/ [/
End incubation; hour: day: _ / /) Test result;
Nurnber of positive cultures: Salmonellae /litre
Serclogical and differential tests: 95% confidence interval:
( ; )
11. Anomalies observed in the test procedure:
12. Full address of the ingtitution which 13, Name(s) and signature(s) of the
carried out the analysis: person(s) who carried out the analysis:

Date;
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ANNEX 1

TABLES FOR DETERMINING THE MOST PROBABLE NUMBER (MPN)

QF SALMONELLA ORGANISMS PRESENT IN 1000 ML OF SEAWATER
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These tables indicate the estimated number of salmonellae per 1000 ml of water,
corresponding to various combinations of positive and negative results in the portions

used for the test,

Table 1.

negative results when five 100-ml portions are used.

MPN and 95% confidence limits for various combinations of positive and

i e e emns

No. of tubes giving
positive reactions out of

5 of 100 mi

Lok LM O

MPN

< 2.2

2.2
5.1
9.2
16.0
= 18.0

95% Confidence

limits
Lower Upper
0 8.0
0.1 126
0.5 19.2
1.6 29.4
3.3 | 52.9
B.0 Infinite

Table 2. MPN and 95% confidence limits for various combinations of positive and
negative results when one 500-mi portion and five 100-mi portions are
used.

No. of tubes giving positive g95% confidence limits

reactions out of
e MPN
1of500mt @ 5of 100 ml Lower Upper
each each

0 1 1 <05 4
0 2 2 <0.05 3
0 3 4 <05 11
0 4 5 1 13
1 0 2 <0.5 6
1 1 3 <0.5 9
1 2 3] 1 15
1 3 9 2 21
1 4 16 4 40
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Table 3. MPN and 95% confidence limits for various combinations of positive and
negative results when five 100-ml portions, five 10-ml portions, and five
1-ml portions are used.

No, of tubes giving 95% confidence
positive reactions out of tirnits
" 1 MPN

Sof 100 ml each | 5 of 10 mleach | 5 of 1 ml each Lower Upper
0 0 0 2 <0.5 7
0 1 0 2 <05 7
0 2 0 4 <0.5 11
1 0 0 2 <0.5 7
1 0 1 4 <0.5 1
1 1 0 4 <0.5 11
1 1 1 & <0.5 15
1 } 2 : 0 6 <05 15
2 | 0 | 0 5 <0.5 13
2 i 0 j 1 7 1 17
2 : 1 : 0 7 1 17
2 ; 1 i 1 9 2 21
2 | 2 ; 0 9 2 21
2 i 3 : 0 AR A 3 28
3 ‘ 0 i 0 ;8 | 1 19
3 | 0 ' 1 S L 2 25
3 i 1 , 0 1 2 25
3 i 1 ; 1 14 4 34
3 § 2 : 4] 14 4 34
3 i 2 : 1 17 5 46
3 | 3 | 0 P17 5 46
4 i 0 | 0 P13 3 31
4 ; 0 i 1 L7 5 46
4 1 1 1 0 17 5 46
4 | 1 | 1 21 7 63
4 L 1 : 2 26 9 78
4 ‘ 2 i o 22 7 67
4 ; 2 i 1 26 9 78
4 ! 3 ' 0 27 9 80
4 | 3 1 33 11 93
4 i 4 0 4 12 9%
5 ; 0 0 23 7 70
5 E 0 1 31 11 89
5 i 0 2 43 15 114
5 ! 1 0 33 " 93
5 ; 1 1 46 16 120
5 ; 1 2 63 21 154
5 2 0 P40 17 126
5 2 1 b7 | 23 168
5 2 2 94 28 219
5 3 0 79 25 187
5 3 1 109 at 253
5 3 2 141 ar 343
5 3 3 175 a4 503
5 ; 4 ; 0 130 35 302
3 ; 4 i 1 172 43 486
5 ! 4 2 221 57 698
5 ? 4 3 | 278 90 843
5 ? 4 4 345 17 999
5 | 5 0 240 8 754
5 | 5 1 348 118 1005
5 5 2 542 180 1405
5 5 3 918 303 3222
5 5 4 1608 635 5805
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Table 4. MPN and 95% confidence limits for various combinations of positive and
negative rasults when one 500-ml portion, five 100-ml portions, and five
10-ml porttions are used.

Na. of tubes giving 95% confidence
positive reactions out of lirviits
MPN
1 of 500 ml each | 5 of 100 ml each | 5 of 10 ml each Lower Upper

0 0 1 1 <0.5 4
0 0 2 2 <0.5 &
0 1 o 1 <02 4
0 i 1 2 <05 6
0 1 2 3 <05 8
0 2 0 2 <05 &
0 2 1 3 <05 8
0 2 2 4 <0.5 11
0 3 0 3 =05 8
0 ‘ 3 1 5 <05 13
0 f 4 0 5 <05 13
1 } 0 0 1 <0.5 4
1 ; 0 1 3 <05 8
1 j 0 ! 2 4 <05 11
1 i ¢ 3 5 | <0.5 15
1 1 0 3 =0.5 8
1 ! 1 1 5 <05 13
1 =. 1 2 7 1 17
1 : 1 3 9 2 21
1 i 2 0 5 =05 13
1 | 2 1 7 1 17
1 { 2 2 10 3 23
1 | 2 : 3 12 3 28
1 [ 3 | 0 8 2 19
1 { 3 1 11 3 25
1 k 3 2 14 4 34
1 : 3 3 18 5 53
1 r 3 | 4 21 6 66
1 : 4 i 0 13 4 31
1 | 4 i 1 17 5 47
1 4 2 22 7 69
1 4 3 28 2] a5
1 4 4 aic) 12 101
1 4 5 43 15 117
1 5 0 24 8 7%
1 5 1 35 12 101
1 L} 2 o4 18 138
1 2 3 92 27 217
1 2 4 161 39 =480
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Table S. MPN and 95% confidence limits for various combinations of positive
results when three 100-ml portions, three 10-mi portions, and three 1-mi
portions are used.

No. of tubes giving 95% confidence
_positive reactions out of limits
3 of 100 mi 3 of 10 mi 3of 1t ml MPN Lower Upper
each each each
0 0 1 3 <0.5 9
0 1 0 3 <0.5 13
1 0 0 4 <0.5 20
1 | 0 1 7 1 21
1 5 1 0 7 1 23
1 | 1 1 1 3 36
1 ! 2 0 1 3 36
2 0 0 9 1 36
2 0 | 1 14 3 87
2 1 | 0 15 3 44
2 | 1 | 1 20 7 89
2 ; 2 } 0 21 4 47
2 | 2 | 1 o8 10 149
3 | 0 | 0 23 4 120
3 ; 0 | 1 39 7 130
3 | 0 | 2 ' 84 | 15 | 379
3 ; 1 { 0 43 7 | 210
3 1 1 | 1 75 14, 230
3 | 1 | 2 120 30 | 380
3 | 2 ; 0 93 15 | 380
3 | 2 | 1 150 | 30 @ 440
3 ! 2 ! 2 210 33 | 470
3 } 3 | 0 240 36 | 1300
3 | 3 | 2 1100 150 | 4800
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1. INTRODUCTION

The overall objectives of the Long-term Programme of Pollution Monitoring and
Research in the Mediterranean Sea (MED POL Phase ll), which constitutes the
environmental assessment component of the Mediterranean Action Plan, adopted by
the governments of the region in 1975, include the assessment, on a continuing basis,
of the state of pollution of the Mediterranean Sea, the identification of the sources,
pathways and effects of poliutants entering into it, and the establishment of temporal
trends in peollution levels.

In order to assist laboratories participating in this activity and to ensure the
necessary degree of intercomparison of data, a set of reference methods and guidelines
has been developed by the Regional Seas Programme of UNEP in cooperation with the
relevant specialized agencies of the United Nations system, as well as other
organizations. In these reference methods and guidelines, the style used by the
international Organization for Standardization (I1SO) is followed as closely as possible,

In common with other microbiological methods and guidelines regarding
effluents, coastal recreational waters and shellfish areas, the original version of this
document was prepared by the World Health Organization within the framework of the
MED POL Programme and issued by UNEPF's Regional Seas Programme as part of its
Reference Methods for Marine Poliution Studies series.

Actual preparation of methods and guidelines falling within the responsibility of
WHO is entrusted to competent microbiologists with experience of the relevant
characteristics of the Mediterranean marine environment. Following its preparation in
draft form, each method is reviewed by international experts in the field, either
individually or (normally) during consultation meetings., Following their issue in
substantive form, methods and guidelines are distributed to Mediterranean laboratories
and are periodically updated and/or revised on the basis of experience,

2. SCOPE AND FIELD OF APPLICATION

The method described is suitable for the determination of Staphylococcus
aureus in coastal bathing waters of temperate and sub-tropical seas, and in sewage
effluents. It is designed to be used as a supplementary parameter in sanitary
surveillance of coastal waters,

This method employs a membrane filter procedure, which allows concentration
of the bacteria prior to incubation, and is a great advantage in estimating low numbers
of bacteria. The typical S. aureus colonies that develop on the medium after 24 hours
incubation are coagulase positive (which is the main diagnostic test for 8. aureus) and
no confirmation is required. Hence the method is time and labour saving.

All strains of coagulase positive 8. gureus are potential pathogens, causing a
wide range of infections. They are found in the nasal membranes, hair follicles, skin and
perineun of warm blooded animals, Their origin in bathing waters is undoubtedly
hurman activity. They have been found to be shed by bathers under all conditions of
swimming, and were recommended as an index of pollution from bathers in swimming
pools, since 8. aureus are more resistant to chlorine than coliforms. Being salt tolerant
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and resistant to some bacteriological factors, 8. aureus may survive in the marine
environment, constituting a potential health hazard to bathers in crowded beaches.

DEFINITION

Staphylococcus aureus are spheres, 0.5-1.0 pym in diameter. Cells occur singly
and in pairs. Some uncommon strains produce cells with a capsule; they are Gram-
positive, nonmotile, aerobes, facultative anaerobes, and catalase positive, The cell wall
contains peptidoglycan and teichoid acid. Colonies are smooth, raised, glistening,
circular, entire and translucent and single colonies may attain a size of 6-8 mm in
diameter on non-selective media.

Under the conditions described in this document, the colonies of 8. aureus will
appear as grey to black dots surrounded by a slightly fluorescent zone on the filter and
a white opaque precipitate in the agar underneath the colony.

PRINCIPLES

A dilution series of a seawater or sewage effluent sample, taken under sterile
conditions, is set up according to the number of staphylococci expected in the water
sample. Known volumes of this dilution series are filtered through 0.45 pm pore size
membrane filters. The membranes are placed on the surface of 4-3 agar and incubated
at 42.0 = 0.2°C for 24 hours. Grey to black colonies above a zone of opague
precipitate in the underlying agar are coagulase-positive staphylococei.

Residual chlorine, if present, is neutralized by adding thiosulfate to the sampling
bottie before sterilization.

APPARATUS AND GLASSWARE

Sample bottles of dark coloured borosilicate glass for surface seawater or
effluent, of 200-300 mi capacity, wide-mouthed and with ground-glass stoppers,
or plastic containers of similar capacity with well fitting stoppers.

Sample rod of non-corrosive material with a clamp to hold the sampling bottle
(Figure 1),

Subsurface sampler of the type shown in Figure 2, or similar, complete with
plastic rope and weight.

Thermoisolated plastic boxes with cooling pads or similar cooling units (camping
gquipment) for storage of samples.

Thermometer, 0 to 50 °C, precision = 1 °C, preferably of unbreakable plastic,
to be used for checking temperature in plastic boxes.
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1) Submerge mouth 20-30 am
2) Turn extenston arm 1802

Figure 1. Subsurface sampling with extension arm.

Wire

Messenger

— Glass tube (breakable)

Rubber hose —

Metal frame

—— Sterile sample bottle

e —— Heavy bottorn weight

Figure 2. Sampler for sterile subsurface sampling.
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Filtration apparatus for 4.7 cm diameter membrane filters consisting of at least
three filter funnels for simultaneous filtration, made of borosilicate glass or other
non-toxic sterilizable material (excluding metal fiter holders and funnels),
complete with electric or water vacuum pump.

Alr incubator thermostatically controlled at 42.0 = 0.2 °C, preferably with a water
jacket.

Stereomicroscope with a magnification 10-15x, or dark field colony counter, with
a magnification 2-3x.

Autactave, with a maximum pressure of 2 atm, electric or gas.
Drying oven for sterilization up to 170 °C.

pH meter, precision = 0.1 pH units.

Stainless steel forceps.

Analytical balance, precision = 1 mg.

Refrigerator thermostatically controlled at 4 + 2 °C.

Vibrator (Vortex type) for mixing liquids in culture tubes.

Petri dishes of borosilicate glass, 5 cm diameter, complete with stainless steel
containers for sterilization, or disposable pre-sterilized plastic petri dishes.

Erlenmeyer flasks of borosilicate glass for media preparation, of 250 ml, 500 mi
and 1 litre,

Borosilicate glass bacteriological culture tubes.

Pipettes of borosilicate glass with total volume (blow-out) of 1, 10 and 20 mi
capacity, with stainless steel containers for sterilization.

Graduated borosilicate glass cylinders of 100, 500 and 1000 mi capacity with
glass beakers for cover.

Bacteriological loops of 3 mm diameter.

Heavy wrapping paper.

Aluminium foil (household quality).

Membrane filters, 0.45 pm pore size, 4.7 cm diameter.

Note: The 0.45 pm pore size membrane filters should be certified by the
manufacturer to be free from substances which may hinder the growth

and development of bacteria. Maximum recoveries are obtained using
membranes composed of mixed esters of cellulose.
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5.25 Filtration apparatus for preparing sterile solutions (Seitz filter or similar).
526 Blender with cups of sterilizable material.
5.27 Stomacher with plastics bags.

528 Filter paper.

6. CULTURE MEDIA, CHEMICALS AND STOCK CULTURE
Note: The composition of the media is based on cne litre solutions or similar
units. Before preparation of media and solutions, the actual needs have
to be established and amounts must be chosen accordingly.
6.1  4-5 Agar

6.1.1 Agar base {modified)

Yeast extract 2549
Pancreatic digest of casein

(or tryptone) 50g¢g
Glucose 1.0¢g
Agar 15.0 ¢
NaCl 50.09
Distiled water 1.0 litre

Note: Plate Count Agar can be used, instead of the first four ingredients,
according to manutacturer directions.

Preparation: Dissolve the ingredients by boiling, and autoclave at 121 °C for 15
minutes (final pH about 7.0). Cool to about 55 °C and add aseptically 30 ml of egg yolk
solution {6.1.2) and 3 ml of 1% sterile potassium tellurite (6.1.4), mix thoroughly and
pour 4-3 mi into each petri dish. After the agar has solidified in the petri dishes, invert
themn and store them in the refrigerator where they can be kept for 30 days, provided
they are tightly closed in plastic bags. Check for sterility by incubating a blank 4-5 plate
without membrane filter.

Note: The agar surface should not become too dry, because that would
prevent the membrane filter to adhere well to the agar surface and the
nutrients to diffuse readily towards the organisms on the membrane. No
colonies will develop in that case.

6.1.2 Eqgq yolk solution
Mix aseptically equal volumes of egg yolk and sterile physiological saline

solution {6.1.8) and homogenize by mixing for a few seconds in a sterile blender or
stomacher. One egg yolk is 16-18 ml. This solution is commercially available,




N-2-6 S. aureus in seawater and sewage by the MF culture method

6.1.3 Sterile physiological saline solution

g

NaCl 85
1.0 litre

Distilled water

Preparation; Dissolve sodium chloride by mixing and dispense desired amounts
into erlenmeyer flasks. Autoclave at 121 °C for 15 minutes.

6.1.4 Potassium tellurite solution

Potassium tellurite 1.0g
Distilled water 100.0 ml

Preparation: Dissolve potassium tellurite by mixing, sterilize by filtration (5.25)
and store in a refrigerator. Discard when the solution turns dark.

6.2 Phosphate Buffer (pH = 7.2)

K,HPO, 309
KH,PO, 1.0g
Distilled water 1.0 litre

6.2.1 P-huffer for filtration
Preparation: Dissolve the ingredients and autoclave at 121 °C for 15 minutes.
6.2.2 P-buffer for dilutions

Preparation: Dissolve the ingredients and dispense 9@ ml in the test tubes used
for preparation of the dilution series, and autoclave at 121 *C for 15 minutes, of
dispense aseptically with a sterile pipette 9 ml portions of sterile buffer (6.2.1) into sterile
test tubes.

6.3 Thiosulfate Solution

Preparation: Prepare a 10% (10 g/100 ml) sodium thiosulfate solution in distilled
water and sterilize by filtering through a sterile membrane filter (5.25 or 8.5). The
sterilization can be omitted if the solution is prepared every 2-3 weeks and kept in a
refrigerator.

6.4 Blood Agar Base (BA)

Beef heart muscle, infusion from 37509
Tryptone 100 ¢
Sodium chloride 504¢g
Agar 15.0¢g
Distilled water 1.0 litre

Preparation: Dissolve the ingredients in 1 litre of distilled water and bring gently
to the boil. Distribute 5 m} portions into test tubes. Sterilize at 121 °C for 10 minutes.
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Cool tubes in a way to form agar slants. Final pH after autoclaving shoould be 7.4 =
0.2. Slants may be stored at 4 °C up to 4 weeks.

6.5 Brain Heart Infusion Broth

Calf brain, infusion from 200.0¢
Beef (meat) heart, infusion from 250.0¢g
Casein/meat (50/50} pepione 10.0g
Glucose {dextrose) 209
Sodium chioride 50¢g
Disodium phosphate 259
Distilled water 1.0 litre

Preparation: Dissolve the ingredients in 1 litre of distilled water. Dispense 5 ml
portions into test tubes. Autoclave at 121 °C for 15 minutes. Final pH after autoclaving
should be 7.4 + 0.2, Tubes may be stored at 4 °C for up to 6 months.

6.6 Rabbit Plasma

1-2 mg EDTA (ethylenediaminetetraacetate) per ml rabbit blood. (Check for
antibiotic presence, interference with coagulase test).

6.7 Distilled Water

Use only water distilled in all-glass or all-quartz distillation apparatus or reverse
osmaosis (RO) water, De-ionized water is also acceptable if produced in apparatus not
releasing toxic substances.

Note: Commercially available distilled water is often produced in copper and
zinc apparatus and is highly toxic for bacteria. Before using such water
its toxicity should be checked with a stock culture of &. aureus.

6.8 Detergents for Cleaning Glassware and Apparatus

Use only detergents recommended by the supplier for bacteriological use. If
such a detergent is not available, check normal household detergents with a biotest
using a stock culture of 5. aureus.

Note: Never use toxic chromic-sulphuric acid mixture for cleaning glassware.

6.9 95% Ethanol for Analysis

6.10 Stock Culture of a 5. aureus Strain
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7. SAMPLING
Details of a sampling plan are provided in Part | of these guidelines.
7.1 Sampling of Surface Water

Attach a clean sterile bottle to a clean sampling rod (5.2). Immediately before
submerging the sample bottle, remove the ground glass stopper from the bottle without
touching the stopper cone. Immerse the bottle from the bow of the boat or from the
windward side while the boat is moving forward slowly. Push the bottle with the
sampling rod 25 cm under the water surface with the mouth of the bottle downwards,
in arder 1o avoid contamination by surface film, then turn the sample bottle upwards and
take the sample (Figure 1). The sterile sample bottle may also be filled directly by hand
(Figure 3).

Retrieve the bottle and discard some water, if necessary, so that some air space
remains in the closed bottle. This space is needed for homogenizing the water sample
at the receiving laboratory. Replace the glass stopper and store the samples in the
clean thermoisolated box with cooling pads at about 4 °C, avoiding exposure to more
than + 10 °C. Separate bottles from each other with clean wrapping paper to avoid
breakage. Check the temperature with a thermometer every 3 hours. Repor
irregularities in the test report. Label sample bottles indicating the sampling station, the
time of sampling, and other factors relevant to the interpretation of the results.

7.2 Sampling of Subsurface Water

Lower the sterile subsurface sampler (5.3) after attaching it to a clean plastic
rope, without letting the weight disturb the bottom sediments (Figure 2). Release the
messenger and after one minute retrieve the sampler and store it in a thermoisolated
box. Proceed as for sampling of surface water (7.1).

7.3 Sampling of Sewage Effluents

Sampling of sewage is relatively difficult because raw wastewater varies both in
composition and in flow. Sampling shouid be performed at points where there is a good
mixture of the material to be sampled, unaffected by earlier deposits. Composite
samples should be obtained when the aim is to measure average quality over a period
not exceeding 24 hours. Sampling should be performed as described in 7.1 above. If
the bottle is filled directly by hand, long rubber gloves, covering the hand and fore-arm
should be worn.

The water sample represents the test solution.

Note: It is known that the die-away rate of bacteria at ambient temperature in
the presence of light is very high. Therefore, all efforts should be made
to collect only the number of samples than can be filtered and incubated
the same day. If this is not possible, the samples should be stored at
+ 4 °C and analyzed not later than 24 hours after sampling.
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Figure 3. Subsurface sampling by hand.

8. TEST PROCEDURE
8.1 Washing of Glassware and Equipment

All glassware and apparatus should be washed with non-toxic detergent first,
tinsed thoroughly with hot tap water and then rinsed at least three with distilled water.

8.2 Sterilization of Glassware and Equipment
8.2.1 Surface sample bottles

Wash glass botties as described under 8.1. Dry and steriiize them in a drying
oven at 160 °C for 2 hours, or at 170 °C for 1 hour. Before sterilization, place a small
piece of filter paper in the neck of each bottle to prevent the ground glass stopper from
sticking after cooling. After cooling to ambient temperature in the drying oven, remove
this filter paper with sterilized forceps and fit the ground glass stopper securely into the
neck of each bottie. Put the bottles into detergent-cleaned thermoisolated boxes.
Separate the bottles from each other with clean wrapping paper to avoid breakage.

Wash plastic bottles as described under 8.1, then treat them with 85% alcohol.
After adding an appropriate volume of aleohol to each bottle, shake them thoroughly,
keeping its stopper in place. After 2-3 alcohol washings, the bottles must be well
drained and kept in an oven at 40-50 °C temperature until complete evaporation of the
alcohol. Stoppers are also placed on a sterile petri dish to dry.
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Note: If residual chiorineg is suspected in the water sample, add 0.1 ml of a 10%
thiosulfate solution (8.3) for each 100 mi sample to the contents of the
sample bottle before sterilization. This amount is sufficient to neutralize
about 15 mg of residual chlorine per litre.

8.2.2 Subsurface sampler (5.3)

Wash the subsurface sampler as described under (8.1), rinse with tap and
distilled water. Enclose each sampler in heavy wrapping paper or aluminium foil and
sterilize them in an autoclave at 121 °C for 15 minutes.

8.2.3 Petri dishes and pipettes

Clean dishes and pipettes, complete with a cotton plug in the mouthpiece, are
put into suitable stainless steel containers and sterilized in a drying oven at 160 °C for
2 hours, or at 170 °C for 1 hour.

Nate: Disposable pre-sterilized plastic petri dishes may be more economical to
use than re-usable glass petri dishes.

8.2.4 Filter funnels of filtration apparatus (5.6}

Loosen the filter-holding assembly slightly and wrap the whole filter funnel in
heavy wrapping paper or aluminium foil. Sterilize in an autoclave at 121 °C for 15
minutes, or in a drying oven at 160 °C for 2 hours, or at 170 °C for 1 hour.

8.2.5 Membrane filters

Remove the paper separator (if present) and place 10 to 12 clean membrane
filters into petri dishes. Autoclave themn at 121 °C for 15 minutes. Once sterilization is
completed, let the steam escape rapidly in order to minimize the accumulation of
condensate on the membrane filters.

Note: Sterilized membrane filters are commaercially available.

8.2.6 Forceps

Sterilize forceps by dipping them into 95% ethanol and flaming them. Let them
cool before taking the membrane filters,

8.3 Selection of Sample Size and Dilution Series

After incubation, membrane filters should ideally have from 20 to 80 colonies and
no more than 150 colonies. i pravious experience for planning the dilution series with
clean seawater samples is not available, filter the following volumes of the original
sample: 100 ml, 10 ml, 1 m! and 0.1 ml (Figure 4). Dilutions have to be greater for
contaminated waters and sewage effluents.
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P-buffer Test sample D-0
20 ml each
{3 times) D-1
o Tml”
1 ml 10ml 100 ml
0-2
1 ml
|
1 m! |
| | | | l
0.01 mi 0.1 mt 1 mi 10 ml 100 mi

of original sample on MF

Figure 4, Preparation of dilution series and filtration procedure.

8.4 Preparation of the Dilution Series

Prepare the dilution series by taking with a sterilized pipette, after vigorously
shaking the sample, 1 mi from the ortiginal sample (Figure 3, dilution D-0) and
transferring it into a cuiture tube containing 9 mi of P-buffer (6.2.2) to obtain the first
dilution (D-1). Mix vigorously by hand or optionally with a vibrator. Continue the
preparation of the dilution series by taking 1 mi from the first dilution (D-1) and mixing
it in a new culture tube containing 9 ml of P-buffer {6.2.2) to obtain the second dilution
{D-2). The desired dilution levels can be reached by a systematic application of this
dilution process,

Before transferring any water volume, the original sample and the dilutions
prepared with it must be vigorously shaken to insure that the water portions obtained
are representative of the original water sample.

8.5 Filtration Procedure

Each water sampie and all dilutions prepared with it must be vigorously shaken
to insure a uniform dispersion of bacteria in each sample portion tested.




n-2-12 8. aureus in seawaler and sewage by the MF culture method

Begin filtration with the highest dilution prepared (e.g. D-2) in order to avoid
contamination from samples containing bacteria in higher concentrations. Use a
sterilized filtration funne! for each dilution series. Place the sterilized membrane filters
with flame sterilized forceps over the porous plate of the filtration apparatus. Carefully
place the matching funnel unit over the receptacle and lock it in place. Add into the
funnel about 20 ml of P-buffer solution (6.2.1). With a sterilized pipette add 1 ml of the
D-2 dilution into the P-buffer solution in the funnel. Filter with a partial vacuum. Wash
the funnel walls with approximately 20 mi of P-buffer solution (8.2.1). Filter with a partial
vacuum. Wash the funnel walls two more times with 20 ml of buffer solution each time
(6.2.1). Unlock and remove the funnel, immediately remove the membrane filters with
flame sterilized forceps and place the membrane filter on the agar surface of the
medium contained in a petri dish with a rolling motion to avoid the entrapment of air.
Before filtering the next dilution (D-1) in the same manner, pass 20 mi of P-buffer
solution (6.2.1) through the assembled filtration unit.

In the case of sewage effluents, as the sample would be sometimes turbid due
to nurnerous suspended particles, a blending step is generally necessary. If the turbidity
of the water sample precludes filtration through the membrane filter, the Most Probable
Number method provides a valuable alternative. The volume of effiuent to be filtered will
depend on the expected density of Staphylococcus and may vary between 10 ml and
1000 ml.

8.6 Ilncubatian

The petri dishes containing the membrane filters on 4-3 agar (6.1 1) are sealed
and incubated immadiately at 42.0 + 0.2 °C for 24 hours. As a sterility check, incubate
also a petri dish containing the medium (6.1.1), but without a membrane filter, and
another petri dish containing the medium and a membrane filter washed with 20 ml of
P-buffer solution.

8.7 Counting and Interpretation

Count with a stereomicroscope or similar magnifier only grey to black colonies
with a white opaque zone underneath them. In the sunlight the colonies on the filter
have a light fluorescent zone around them and the opaque precipitate is seen well in
the agar layer when the filter is lifted with sterile forceps. For reevaluation it is possible
to remove the filter and count the number of opague circles on the medium, which
corresponds to the number of colonies on the filter.

Note: Dubious colonies can be transferred to nutrient agar, incubated for 24
hours at 37 = 1°C and then checked for coagulase production and
Gram stain. This is usually unnecessary.

8.8 Coagulase Test

Dubious §. aureus colonies should be tested for coagufase production.
Inoculate each S. aureus typical colony onto a Blood agar (6.4) slant. Incubate the BA
slants at 37 °C for 24 hours. From each BA slant inoculate a Brain Heart Infusion broth
tube (6.5) and incubate the tubes at 37 °C for 18-20 hours. Transfer 0.1 ml (2 drops) to
a tube containing 0.5 ml of dilute (1:3) rabbit plasma (6.6). Incubate at 37 °C and
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observe hourly for 3 hours. Clotting within the 3 hour incubation period constitutes a
positive test for S. aureus.

9 EXPRESSION OF RESULTS
9.1 Calculation of S. aureus Density per 100 ml of Sample

Report the number of 5. aureus colonies on individual membrane filters after the
incubation has been completed. Use only membrane filters with a total number of
colonies from 20 to 60, including both S. aureus and any other microorganisms. Retain
only two significant digits of the number of 8. aureus colonies counted in each filter.
Indicate the results obtained for each filter separately in the test report (Table 1, item 8).

Express the results in terms of & aureus per 100 ml of sample using the
following expression:

number of 8. aureus colonies
S. aureus per 100 ml = ---- x 100
m! of sample filtered

Indicate the results obtained for each dilution separately in the test report (Table
1, item 9). Report also the results obtained on membrane filters with less than 20 S.
aureus colonies per filter. If there are no S. aurewus colonies on the filter through which
100 ml of sample have been filtered, report the results as " < 1 . aureus/100 mi ",

Compute the number of 8. aureus per 100 ml sample and report it as the final
test result (Table 1, item 10). if there are membrane filters containing between 20 and
60 characteristic colonies in two consecutive dilutions, calculate the mean of these
dilutions (total number of colonies counted/total volume in ml of sample filtered) and
report it as a final test result.

Record in the test report (Table 1, item 11) any anomalies observed in the test
procedure, such as confluent growth of colonies, and deviation from the temperatures
prescribed for sample storage and incubation,

9.2 Estimation of Precision

Check the precision of the technique at periodic intervals (at least once every
season) by preparing three independent series of dilutions (8.4) using the same sample,
i.e. repeating the four last consecutive dilution steps described under 8.3 and 8.4
(Figure 4). The water sample used should be collected during the routine monitoring
programme at a coastal station typical of the area. The dilution series should be
selected in such a way so that one dilution step yields 3 membrane filler counts which
satisfy the 20 to 60 colonies requirements expressed in section 8.3.

Filter each individual dilution following procedure 8.5. Incubate according to
procedure 8.6. Report membrane filter counts following the procedure described in
section 9.1, taking into consideration the interpretation method described in section 8.7.
Results should be reported in the test report (Table 2, item 8).
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Calculate the 8. aureus concentration of the original sample for each of the
replicate results, according to section 9.1, and report the results in the test report (Table
2, item 9).

For each dilution step having the three membrane filter counts between 20 and
80 S. aureus colonies calculate: the mean concentration, the concentration range, the
standard deviation of the concentrations, and the coefficient of variation of the
concentrations, and record them in the test report (Table 2, iter 10).

If the sample does not yield at least 20 colenies per membrane fiter in one
dilution, prepare a test solution from a stock culture of 8. aureus, and repeat the
precision estimation process.

standard deviation
Note: Coefficient of variation (%) = sssssesszsszeccoozeccsesssseszznzosoosees x 100
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10. TEST REPORT

Table 1.  Staphyvlococcus aureus in seawater and sewage samples.

1. Sampling area 2. Sampling point code number:
country: (station) lengitude:
arex latitude:
3. Time of sampling hour: . day: rnonth: year:

4. Sampling and environmental conditions

Sampling depth; Container number:
Temperature at sampling depth;
Salinity at sampling depth: Duration of storage:

{other factors which may influence the results should be reported under 11)

5. Time of filtration hour; . day: / /
6. Start of incubation hour: . day; / !
7. End of incubation hour; . day: / /
8. Number of colonies per individual filter 9. Colonies of §. aureus/100 mi
ml of original 5. auraus
Dilution sample filtered colonies Diluticns col./100 mi
-0 100
D-0 10
Do 1
D1 0.1
0-2 0.0 10. Test result
-3 0.001
D-4 0.0001 &. aureus/100 ml
11, Anomalies observed in the test procedure:
12, Full address of the institution which 13, Name(s) and signature(s) of the
carried out the analysis: persan(s) whe carried out the analysis:

Date:




fH-2-16

Table 2. Precision estimation for 5. aureus determination.

8. aureus in seawater and sewage by the MF cuiture method

1. Sampling area 2. Sampling point code number:
country: (station) iongitude:
area: latitude:
3. Time of sampling hourr . day: morith: year:

4, Sampling and envirgnmental conditions

Sampling depth: Container number:
Temnperature ar sampling depth:
Salinity at sampling depth: Duration of storage:

(other factors which may influence the results should be reported under 11)

5. Time of filtration hour . day: / /
8. Start of incubation hour: . day: / /
7. End of incubation bhour: . day: _ /_ [/ _
8. Nurnber of colonies per individual filter 9. Colonies of 8. aureus/100 mi
mi of ariginal 8. aurews colonies Dilutions col, /100 mi
Ditution  sample filtered replica o

1st 2nd 3th

10. Results (5. auraus/100 ml)
rriean; range:

HTHT

std. dev.: coef. var. %

11. Anomalies observed in the tast procedure:

12. Full address of the institution which 13, Name(s) and signature(s) of the
carried out the analysis: person(s) who carried out the analysis:

Date:
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1. INTRODUCTION

The overall objectives of the Long-term Programme of Pollution Monitoring and
Research in the Mediterranean Sea (MED POL Phase 1l), which constitutes the
environmental assessment component of the Mediterranean Action Plan, adopted by
the governments of the region in 1975, include the assessment, on a ¢ontinuing basis,
of the state of poliution of the Mediterrangan Sea, the identification of the sources,
pathways and effects of pollutants entering into it, and the establishment of temporal
trends in poliution levels.

In order to assist laboraiories participating in this activity and to ensure the
necessary degree of intercomparison of data, a set of reference methods and guidelines
has been developed by the Regional Seas Programme of UNEP in cooperation with the
relevant specialized agencies of the United Nations system, as well as other
organizations. In these reference methods and guidelines, the style used by the
International Organization for Standardization (1S0) is followed as closely as possible.

In common with other microbiological methods and guidelines regarding
effluents, coastal recreational waters and shellfish areas, the original version of this
document was prepared by the World Health Organization within the framework of the
MED POL Programme and issued by UNEP’'s Regional Seas Programme as part of its
Reference Methods for Marine Pollution Studies series.

Actual preparation of methods and guidelines falling within the responsibility of
WHO is entrusted to competent microbiologists with experience of the relevant
characteristics of the Mediterranean marine environment. Following its preparation in
draft form, each method is reviewed by international experts in the field, either
individually or (normally) during consultation meetings. Following their issue in
substantive form, methods and guidelines are distributed to Mediterranean lahoratories
and are periodically updated and/or revised on the basis of experience.

2. SCOPE AND FIELD OF APPLICATION

The method described is suitable for the determination of Staphylococcus
aureus in coastal bathing waters of temperate and sub-tropical seas, and in sewage
effluents. It is designed to be used as a supplementary parameter in sanitary
surveillance of bathing beaches.

This method is based on the Multiple-Tube Fermentation (MPN) test. An
alternative method for such determination. i.e. the Membrane Filtration (MF) method,
offers some advantages for examination of the microbial quality of the water, such as
quicker results and less labour requirements. However, the MPN technigue has its own
advantages. Seawater often presents excessive turbidity, algal blooms, and dense
growth of competitive flora, which inhibit the growth of the colonies and hinder the
reading of the membranes.

Ali strains of coagulase positive 5. aureus are potential pathogens, causing a
wide range of infections, being found in nasal membranes, hair follicles and skin of
warm-blooded animals. The presence of a high number of swimmers on a beach
correlates with the increase of the densities of staphylococci, Being salt tolerant and
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resistant to some bactericide factors, they survive in seawater and sand, constituting a
potential hazard to bathers on crowded beaches. Thus, pathogenic staphylococe
strains have been proposed as additional or alternative indicator organisms.

3. DEFINITION
Staphylococcus aureus are spheres, 0.5-1.0 um in diameter. Cells occur singly
and in pairs. Some uncommon strains produce cells with a capsule; they are Gram-
positive, nonmotile, aerobes, facultative anaercbes, and catalase positive. The cell wall
contains peptidoglycan and teichoid acid. Colonies are smooth, raised, glistening,
circular, entire and transtucent and single colonies may attain a size of 6-8 mm in
diameter on non-selective media.
4. PRINCIPLES
Quantification of 8. aureus in seawater samples is accomplished in two phases:
1) multiple sample portions (5x5x5) are tested in modified m-staphyfococceus broth for
the presence of turbidity at 37 °C within 24 hours, and 2) positive findings in the first
phase are spread on to Vogel - Johnson agar plates. After 48 hours incubation at 37 °C,
typical colonies are tested for coagulase production.
5. APPARATUS AND GLASSWARE
5.1 Sample bottles of dark coloured borosilicate glass for surface seawater or
effluent, of 200-300 m! capacity, wide-mouthed and with ground-glass stoppers,
or plastic containers of similar capacity with well fitting stoppers.

52  Sample rod of non corrosive material with clamp to hold the sampling bottle
(Figure 1).

5.3 Subsurface samplers of the type shown in Figure 2, or similar, complete with
plastic rope and weight.

54  Thermoisolated plastic boxes with cooling pads or similar cooling units (camping
equipment) of the appropriate capacity, for storage of samples.

55  Thermometer, O to 50 °C, precision = 1 °C, preferably unbreakabie plastic type,
to be used for checking temperature in plastic boxes.

56  Air incubator thermostatically controlled at 36 = 1.0 °C.

5.7 Refrigerator thermostatically controlled at 4 + 2 °C.

58  Autoclave, with maximum pressure of 2 atm, electric or gas.
59  Drying oven for sterilization up to 170 °C.

510 pH meter, precision = 0.1 pH units.
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1) Subrnerge mouth 20-30 em
2) Turn extension arrn T80%

Figure 1. Subsurface sampling with extension arm.

Wire

Messenger

— Glass tube (breakable)

Rubber hose —

Metal frame

—— Sterile sample bottle

Heavy bottom weight

Figure 2. Sampler for sterile subsurface sampling
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S. aureus in seawater by the multiple test tube method

Analytical balance, precision = 1 mg.

Bacteriological loops of 3 mm diameter.

Vibrator (Vortex type) for mixing liquids in culture tubes.
Test tube racks, with capacity for 15 or 30 tubes.

Test tubes with cap (sterile), 17/18 mm diameter.

Petri dishes of borosilicate glass, 90 cm diameter, or disposable pre-sterilized
plastic petri dishes.

Dark phase microscope.
Borosilicate glass bacteriological culture tubes.

Erlenmeyer flasks of borosilicate glass for media preparation, of 250 ml, 500 ml
and 1 litre.

Pipettes of borosilicate glass with total volume (blow-out) of 1, 10 and 20 ml

capacity, with stainless steel containers for sterilization, or automatic pipettes of

equivalent volume with appropriate sterile tips.

CULTURE MEDIA, CHEMICALS AND STOCK CULTURE

Note: The composition of the media is based on one litre solutions or similar
units. Before preparation of media and solutions, the actual needs have

to be established and amounts must be chosen accordingly.

Buffered Peptone Water (BPW)

Peptone 10.0 g
Sodium chloride 509
Disodium phosphate 359
Potassium dihydrogen phosphate 1.5¢g
Distilled water 1.0 litre

Preparation: Dissolve the ingredients in 1 litre of distilled water. Distribute 10 mi

portions into 100 ml capacity flasks. Sterilize at 121 °C for 10 minutes. Final pH atter
autocalving should be 7.2 * 0.2, Jars may be stored at room temperature for 110 3
months, provided screw caps are air tight.

6.2

m-Staphylococcus Broth (Modified)
6.2.1 Single strength
Tryptone 10.00 g

Yeast extract 250¢
Lactose 10.00 g
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Sodium chloride 75009
Sodium azide 0.048 ¢
Distiled water 1.0 litre

Preparation: Dissolve the ingredients in 1 litre of distilled water. Distribute 10 m!
portions into test tubes, Sterilize at 115 °C for 10 minutes. Final pH after autoclaving
should be 7.0 = 0.2, Tubes may be stored at room temperature for up to two weeks.

6.2.2 Double strength

Tryptone 200g
Yeast extract 5049
Lactose 404
Mannitol 2004qg
Sodium chloride 7009
Sodiurm azide 0098 ¢
Distilled water 1.0 litre

Preparation: Dissolve the ingredients in 1 litre of distilled water. Distribute 10 mli
portions into appropriate tubes. Sterilize at 115 °C for 10 minutes. Final pH after
autoclaving should be 7.0 = 0.2. Tubes may be stored at room temperature for up to
two weeks.

6.3 Vogel - Johnson Agar

Tryptone 10.0 g
Yeast extract 509
Mannitol 1004
Dipotassium phosphate 50q
Lithium chloride 5049
Glycine 10.0 g
Phenol red 0.025 g
Agar 16.0 g
Distilled water 1.0 litre

Preparation: Dissolve the ingredients in 1 litre of distilled water and bring gently
o the boil to dissolve completely. Sterilize by autoclaving at 121 °C for 15 minutes. Final
pH after autoclaving should be 7.1 = 0.2, Cool to 50 °C and add 5.7 ml of sterile 3.5%
potassium tellurite solution or 20 mi of 1% potassium tellurite solution. Plates may be
stored at 4 °C for up to 7 days.

6.4 Kranep Agar (KA)

Paptone, from meat

Sodium pyruvate 82¢g
Sodium chloride 3049
Disodium hydrogen phosphate 2049
Potassium thiocyanate 255¢g
Lithium chloride 51¢g
Sodium azide 00549

Actidione
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D{-)yrmannitol 5149
Agar 13549
also to be added:

egg-yolk emulsion 100.0 mi

Preparation. Dissolve the ingredients (725 g) in 0.9 litre distiled water.
Autoclave under mild conditions (20 minutes at 110° C). Add 100 mi 50% egg-yolk
emulsion sterile at a temperature of approximately 50° C. Pour into plates. pH is
6.9 £ 0.1. The plates are turbid and yellowish.

6.5 Blood Agar Base (BA)

Beef heart muscle, infusion from 375049
Tryptone 10.04g
Sodium chloride 509
Agar 1509
Distilled water 1.0 litre

Preparation: Dissolve the ingredients in 1 litre of distiled water and bring gently
to the boil. Distribute 5 ml portions into test tubes. Sterilize at 121 °C for 10 minutes.
Final pH after autoclaving should be 7.4 = 0.2. Cool tubes in a way to form agar slants.
Slants may be stored at 4 °C up to 4 weeks.

6.6 Oxidation - Fermentation Medium (Q/F)

Tryptone 10.0 g
Yeast extract 1.04g
Glucose 100 g
Bromocresol purple 0.04 g
Agar 20g
Distilled water 1.0 litre

Preparation: Dissolve the ingredients in 1 litre distiled water. Dispense 10 mi
portions into test tubes. Autoclave at 121 °C for 15 minutes. Final pH after autoclaving
should be 7.0 = 0.2. Tubes may be stored for up to four weeks.

6.7 Brain Heart Infusion Broth

Calf brain, infusion from 200.0¢g
Beef (meat) heart, infusion from 250.0¢g
Casein/meat (50/50) peptone 100 g
Glucose (dextrose) 2049
Sodium chloride 5049
Disodium phosphate 259
Distilled water 1.0 litre

Preparation: Dissolve the ingredients in 1 litre of distilled water. Dispense 5 ml
portions into test tubes. Autoclave at 121 °C for 15 minutes. Final pH after autoclaving
should be 7.4 = 0.2. Tubes may be stored at 4 °C for up to 6 months.
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6.8 Phosphatase Proeduction Medium

Evans peptone 059
Lab-Lemco 05g
Sodium Chloride 059
Agar 1.5¢
Distilled water 100.0 mi

Preparation: Dissolve the ingredients in 100 ml of distilled water. Sterilize at
121 °C for 15 minutes. Allow 1o cool at 45 °C; add 1 m! of 1.0% phenolphthalein
diphosphate and dispense into plates. Plates may be stored satisfactorily for up to
7 days.

6.9 Rabbit Plasma

1-2 mg EDTA (ethylenediaminetetraacetate) per mi rabbit blood. (Check for
antibiotic presence, interference with coagulase test).

6.10 Distilled Water

Use only water distilled in all-glass or all-quartz distillation apparatus or reverse
osmosis {R0O) water. De-ionized water is also acceptable if produced in apparatus not
releasing toxic substances.

Note: Commercially available distilled water is often produced in copper and
zing apparatus and is highly toxic for bacteria, Before using such water
its toxicity should be checked with stock culture of 8. aureus.

Note: Never use toxic chromic-sulphuric acid mixture for cleaning glassware.

6.11 Stock Culture of a §. aureus Strain

7. SAMPLING
Details of a sampling plan are provided in Part | of these guidelines.
7.1 Sampling of Surface Water

Attach a clean sterile bottie to a clean sampling rod (5.2). Immediately before
submerging the sample bottle, remove the ground glass stopper from the bottle without
touching the stopper cone. Immerse the bottle from the bow of the boat or from the
windward side while the boat is moving forward slowly. Push the bottle with the
sampling rod 25 ¢m under the water surface with the mouth of the bottle downwards,
in order to avoid contamination by surface film, then turn the sample bottle upwards and
take the sample (Figure 1). The sterile sample bottle may also be filled directly by hand
(Figure 3).

Retrieve the bottle and discard some water, if necessary, so that some air space
remains in the closed bottle. This space is needed for homogenizing the water sample
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at the receiving laboratory. Replace the glass stopper and store the samples in the
clean thermoisolated box with cooling pads at about 4 °C, avoiding exposure to more
than + 10 °C. Separate bottles from each other with clean wrapping paper to avoid
breakage. Check the temperature with a thermometer every 3 hours. Report
irregularities in the test report. Label sample bottles indicating the sampling station, the
time of sampling, and other factors relevant to the interpretation of the results.

7.2  Sampling of Subsurface Water

Lower the sterile subsurface sampler (5.3) after attaching it to a clean plastic
rope, without letting the weight disturb the bottom sediments (Figure 2). Release the
messenger and after one minute retrieve the sampler and store it in a thermoisolated
box. Procead as for sampling of surface water (7.1).

The water sample represents the test solution,

Note: It is known that the die-away rate of bacteria at ambient temperature in
the presence of light is very high. Therefore, all efforts should be made
to collect only the number of samples than can be filtered and incubated
the same day. If this is not possible, the samples should be stored at
+ 4 °C and analyzed not later than 24 hours after sampling.

Figure 3. Subsurface sampling by hand.
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8. TEST PROCEDURE
B.1  Washing of Glassware and Equipment

All glassware and apparatus should be washed with non-toxic detergent first,
rinsed thoroughly with hot tap water and then rinsed at least 3 times with distilled water,

8.2 Sterilization of Glassware and Equipment
8.2.1 Surface sample bottles (5.1)

Clean sample boltles as described under 8.1, Dry and sterilize them in a drying
oven at 180 °C for 2 hours, or at 170 °C for 1 hour. Before sterilization, place a small
piece of filter paper in the neck of each bottle to prevent the ground glass stopper from
sticking after cooling. After cooling to ambient temperature in the drying oven, remove
this filter paper with sterilized forceps and fit the ground glass stopper securely into the
neck of each bottle. Put the bottles into detergent-cleaned thermoisolated boxes.
Separate the bottles from each other with clean wrapping paper to avoid breakage.

Wash plastic bottles as described under 8.1, then treat thern with 95% alcohol.
After adding an appropriate volume of alcohol to each bottle, shake them thoroughly,
keeping its stopper in place. After 2-3 alcohol washings, the bottles must be well
drained and kept in an oven at 40-50 °C temperature until complete evaporation of the
alcohol, Stoppers are also placed on a sterile petri dish to dry.

MNote: If residual chlorine is suspected in the water sample, add 0.1 ml of 2 10%
thiosulfate solution {6.3) for each 100 mil sample 1o the contents of the
sample bottle before sterilization. This amount is sufficient 10 neutralize
about 15 mg of residual chlorine per litre.

8.2.2 Subsurface sampler (5.3)

Clean the subsurface sampler as described under (8.1), rinse with tap and
distilled water. Enclose each sampler in heavy wrapping paper or aluminium foil and
sterilize them in an avtoclave at 121 °C for 15 minutes.

8.2.3 Petri dishes and pipettes

Clean dishes and pipettes, complete with a cotton plug in the mouthpiece, are
put into suitable stainless steel containers and sterilized in a drying oven at 160 °C for
2 hours, or at 170 °C for 1 hour,

Note: Disposable pre-sterilized plastic petri dishes may be more economical to
use than re-usable glass petri dishes.

8.3 Selection of Sample Size and Dilution Series

Select a dilution series for each sample that will ensure positive tubes in the
lowest dilution row and negative tubes in the highest dilution row. If previous experience
for planning the dilution serties is not available, transfer @ ml of buffered peptone water
into each of 5 sterilized test tubes using a sterilized pipette. If previous experience on
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the level pollution is available, prepare an appropriate number of buffered peptone
tubes.

8.4 Preparation of the Dilution Series

Prepare the dilution series by taking with a sterilized pipette, after vigorously
shaking the sample, 1 ml from the original sample (Figure 4, dilution D-0) transferring
it into a culture tube containing 9 mi of buffered peptone water (8.2.2) to abtain the first
dilution (D-1). Mix vigorously by hand or optionally with a vibrator. Continue the
preparation of the dilution series by taking 1 ml from the first dilution (D-1) and mixing
it in a new culture tube containing @ ml of buffered peptone water (6.2.2), to obtain the
second dilution (D-2). The desired dilution levels can be reached by a systematic
application of this dilution process.

Before transferring any water volume, the original sample and the dilutions
prepared with it must be vigorously shaken to insure that the water portions obtained
are representative of the original water sample.

§$ 1 ml 1 mli
D-0 D-1 D-2
;
|
!
|
!
1
10 mi 1 ml 1 mi ; 4 mi
’
!
double
strength

Figure 4. Preparation of dilution series.

8.5 Inoculation and Incubation in m-Staphylococcus Broth

Each water sample and all dilutions prepared with it must be vigorously shaken
to insure a uniform dispersion of bacteria in each sample portion tested.
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Using sterilized pipettes fransfer 10 m! portions of the water sample into each of
5 sterilized culture tubes containing 10 ml double strength m-Staphylococeus broth
(6.2.2). Next, transfer with a sterile pipette 1 ml sample portions of dilution D-1 into 5
sterilized culture tubes containing 10 ml single strengh m-Staphylococcus broth (68.2.1).
Repeat this procedure with each of the subsequent dilutions 1o be tested.

Incubate the series of m-Staphylococcus broth culture tubes in an incubator at
37 °C for 24 hours.

86 Isolation and Confirmation of 8. aureus

All m-Staphylococcus broth tubes showing turbidity after 24 hours must be
subcuttured onto Vogel-Johnson agar (6.3) or Kranep agar (6.4).

Label a plate {or each positive obtained, noting the dilution series. Using a3 mm
flamed loop, transfer one loopful of each turbid m-Staphyfococcus broth tube onto a
Vogel-Johnson agar plate. Spread it across the plate using the streak plate technigue.

Incubate the Vogel-Johnson or Kranep agar plates at 37 °C for 48 hours. Typical
3. aureus colonies on VogelJohson agar are black and produce a yellow pigment,
while those grown on Kranep agar show egg-yolk degradation.

8.6.1 Coagulase test

Each 8. aureus typical colony should be tested for coagulase production.
Inoculate each 5. aureus typical colony onto a Blood agar (6.4) slant. Incubate the BA
slants at 37 °C for 24 hours. From each BA slant inoculate a Brain Heart Infusion broth
tube (6.6) and incubate the tubes for 18-20 hours at 37 °C. Transfer 0.1 ml (2 drops) to
a tube containing 0.5 mi of dilute (1:3) rabbit plasma. [ncubate at 37 °C and obsgerve
hourly for 3 hours. Clotting within the 3 hour incubation period constitutes a positive test
for 8. aureus.

8.6.2 Identification of 5. aureus colonies (optional)

A simplified scheme of key characters is proposed for the identification of
5. aureus typical colonies that produce a non-gatisfactory or ambiguous coagulase
reaction. 5. aureus strains are non motile, ferment carbohydrates (glucose fermentation
test), produce acid aerobically from lactose, maltose, mannitol and produce
phosphatase (phosphatase test). Strains subcultured on Blood agar slants (6.4) should
be used for all the above tests.

B8.6.3 Glucose fermentation test

Before use, the Oxidation/Fermentation medium (6.5) is steamed for
10-15 minutes to remove dissolved oxygen. Tubes are immediately and heavily
inoculated with a wire loop, making certain that the inoculum reaches the bottom of the
tube. The surface of the tube is covered with a layer of a sterilized parafine oil 25 mm
or greater. Incubate at 37 °C for 5 days. Production of acid, under anaerobic conditions,
and the subsequent change to a yellow colour throughout the test tube indicate the
presence of Staphylococcus, If there is no acid production, or acid is found only at the
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surface of the test tube, it is indication of oxidative breakdown of the sugar, and the
organism present is Micrococcus.

8.6.4 Phosphatase production test

Phosphatase production plates (6.7) are inoculated from BA slants and
incubated at 37 °C for 3-5 days. The release of phenoiphthalein is detected using a drop
of 0.880 sp.gr. ammonia placed in the lid of each petri dish. Phosphatase producing
colonies turn deep pink immediately on exposure 10 ammonia vapors.

8.7 Interpretation of S. aureus Culture Plates

A plate containing typical, coagulase positive 8. aureus colonies, constitute a
positive test.

9. EXPRESSION OF RESULTS
9.1 Calculation of 8. aureus Density per 100 ml of Sample

if sample portions of 10 ml, 1 ml and 0.1 ml per test tube have been used, take
the number of recorded positive plates and find the corresponding most probable
number (MPN) from Table 3. When more than three dilutions are employed, the results
of only three of these are used in computing the MPN. For MPN calculation purposes,
select the highest dilution that gives positive results in all 5 plates tested (no lower
dilution should give a negative result) and the next two higher dilutions that have some
negative plates. QOccasionally, positive plates may be encountered beyond the three
serial dilutions. In those cases, and for purposes of calculating the MPN, include such
additional results in the third row. These skip combinations of positive plates should
oceur with a frequency lower than 1% of the MPN tests performed. Higher frequencies
would suggest laboratory error in pipetting sample dilutions.

Table 1 ilustrates an example of the numbers of positive test obtained with a
series of & consecutive dilutions: 5-5-3-2-1. For MPN calculations the highest dilution
selected would be that using 1 ml of sample. The final combination of positive plates
reported would be 5-3-3, instead of 5-3-2. The MPN value corresponding to the 5-3-3
combination would be 170 S. Aureus/100 ml (Table 3), and not the MPN value of
140 8. aureus/100 mi associated to the 5-3-2 combination.

The MPN density thus obtained should be adjusted for dilution by multiplying for
as many powers of 10 as dilutions were performed with the first plate series considered
below 10 ml. For example, a MPN value of 53-3 would be expressed as
170 S. Aureus/100 ml when the starting dilution is 10 ml, but it would be counted as
1700 8. aureus/100 miwhen the starting dilutionis 1 ml, and 17 000 S, aureus/100 ml
when the largest sample volume used was 0.1 mi.
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Table 1. Example for computing the density of
3. aureus in a water sample analyzed by the

MPN method.

Sample portion, ml Positive tubes
10 5
1 5 (%)
0.1 3 (x)
0.01 2 (x)
0.001 1

Dilution factor: 10/1 = 10
MPN {5-3-3) = 170 x 10 = 1 700 S. aureus/100 ml
95% confidence limits:
lower: 80 x 10 = BOO 8. aureus/100 ml
higher: 410 x 10 = 4 100 8. aureus/100 mi

9.2 Precision of Resulis

Select from Table 3 the 95% confidence limits associated to the MPN selected
in calculating the density of S. aureus and adjust their values with the dilution factor,
Enter the final results in the test report.
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10. TEST REPORT

Table 2. Staphylococcus aureus in seawater samples.

1, Sampling area 2. Sampling peint code numkber:
country: N {=staticon) longitude: o
area: —_— latitude:
3. Time of sampling o ohour . day: month: year.

4, Sampling and environmental conditions

Sampling depth: Containar number;
Temperature at sampling depth:
Salinity at sampling depth: Duration of storage:

(other factors which may influence the results should be reponed under 11)

5. Time of filtration hour: . day. / /
6. Start of incubation hour: . day: / /
7. End of incubation hour: . day: / /
8. Number of pesitive agar plates 9. Test results
mi of original No. positive MPN of &. aureus/100 mi
Dilution sample inoculated plates
Combination Dilution factor
D-0 10
D-0 1
D-1 0.1 . 5. aursus/160 ml
0-2 0.m
D-3 0.001 5% confidence interval
D-¢ 0.0001 . lower: 5. aureus/100 ml
D-& 0.00001 higher; 8. aureus/100 ml
11. Anomalies observed in the test procedure;
12. Full address of the institution which 13. Name(s) and signature(s) of the
cartied out the analysis: person(s) who carried out the analysis:

Date:
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Table 3.

-3-15

MPN index and 95% confidence limits for various combinations of
positive and negative results when five 10-ml portions, five 1-ml portions
and five 0.1-ml portions are used.

No. of Tubes Giving 95% Confidence
Positive Reactions out of MPN Limits
B . [ Index
50f10ml | S5oftml | 5of0.1ml per Lower Upper
each each ! each 100rm1l

0 0 I 0 <2 .- -
0 0 ‘ 1 2 1.0 10
0 1 , 0 2 1.0 0
0 2 ! 0 | 4 1.0 13
1 0 0 ; 2 1.0 11
1 | 0 1 ‘ 4 1.0 15
1 1 0 4 1.0 15
1 1 1 6 2.0 18
i 2 0 6 2.0 18
2 0 0 4 1.0 17
D 0 f 1 i 7 2.0 20
2 1 ; 0 | 7 2.0 21
2 1 i 1 | 9 3.0 24
2 2 0 | 9 3.0 25
2 3 i 0 | 12 5.0 29
3 0 ; 0 1 8 3.0 24
3 ‘ 0 | 1 g 11 4.0 29
3 ‘ 1 ! 0 | 11 4.0 29
3 ; i | 1 | 14 6.0 35
3 | 2 0 | 14 60 | 35
3 2 | 1 17 7.0 40
3 3 | 0 17 5.0 46
4 0 0 13 5.0 38
4 0 1 17 7.0 45
4 1 : 0 17 7.0 46
4 i 1 21 9.0 55
4 1 | 2 26 12 83
4 2 0 22 9.0 56
4 2 f. 1 26 12 65
4 3 | 0 27 12 67
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Table 3. (Continued) MPN index and 95% confidence [imits for various
combinations of positive and negative results when five 10-ml portions,
five 1-ml portions and five 0.1-mi portions are used.

No. of Tubes Giving 95% Confidence
Positive Reactions out of Limits

5 of 10 mi 5 of 1 ml 50f0.1ml Lower Upper
each each

15 77
16 80
9.0 86
10 110
20 140
10 120
20 150
30 180
20 170
30 210

MmO E b
MM = = = 000 B
— O MN 2O =00 -

40 ' 250
30 250
40 300
60 380
80 410
50 390
70 480
100 580
120 690
160 820

5 2 2
5 3 0
5 3 1
5 3 2
5 3 3
5 4 0
5 4 1
5 4 2
5 4 3
5 4 4

100 940

100 1300
200 2000
300 2800
600 5300

LR {h Ch LR Ch
W h L O
N of LY MW = O
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INTRODUCTION

The overall objectives of the Long-term Programme of Pollution Monitoring and
Research in the Mediterranean Sea (MED POL Phase ll), which constitutes the
environmental assessment compoenent of the Mediterranean Action Plan, adopted by
the governments of the region in 1975, include the assessment, on a continuing basis,
of the state of polution of the Mediterranean Sea, the identification of the sources,
pathways and effects of pollutants entering into it, and the establishment of ternporal
trends in pollution levels.

in order to assist laboratories participating in this activity and to ensure the
necessary degree of intercomparison of data, a set of reference methods and guidelines
has been developed by the Regional Seas Programme of UNEP in cooperation with the
relevant specialized agencies of the United Nations system, as well as other
organizations. In these reference methods and guidelines, the style used by the
International Qrganization for Standardization (ISQ) is followed as closely as possible.

In common with other microbiological methods and guidelines regarding
effluents, coastal recreational waters and shellfish areas, the original version of this
document was prepared by the World Health Organization within the framework of the
MED POL Programme and issued by UNEP’s Regional Seas Programme as part of its
Reference Methods for Marine Pollution Studies series.

Actual preparation of methods and guidelines falling within the responsibility of
WHO is entrusted to competent microbiologists with experience of the relevant

characteristics of the Mediterranean marine environment. Following its preparation in
draft form, each method is reviewed by international experts in the field, either
individually or (normally) during consultation meetings. Following their issue in
substantive form, methods and guidelines are distributed to Mediterrangan laboratories
and are petiodically updated and/or revised on the basis of experience.

SCOPE AND FIELD OF APPLICATION

The method described is suitable for the determination of Pseudomonas
aeruginosa in coastal bathing waters of temperate and sub tropical seas and in sewage
effluents. 1t is designed to be used as a supporting parameter in the sanitary
surveillance of bathing beaches,

This method employs a membrane filter procedure, which allows concentration
of the bacteria prior to incubation, and is a considerable advantage in situations where
low numbers of bacteria are to be estimated. It is less labour-intensive than the Multiple
Tube Fermentation (MPN) method and is time-saving, as results are obtained in 24 10
48 hours. The mPA-E medium, which is the De Vicente et al. modification of the criginal
m-PA medium facilitates colony counting after 24 hours. The majority of the background
fiora is inhibited by the antibiotics in the medium, and the organisms that do grow form
microcolonies which do not obscure the typical colonies of P. aeruginosa. Incubation
at 42 °C prevents growth of other fluorescent pseudomonads.

Pseudomonas aeruginosa is a common inhabitant of soil and has a worldwide
distribution. It cannot replace faecal coliforms as an indicator of faecal contamination,
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since itis found in only 10% of normal stools. However, recreational waters are a source
of infection by contact rather than ingestion, and P. aeruginosa is a potential pathogen
which has been increasingly implicated in ear, throat and skin infections through bathing
in contaminated waters. It is therefore recommended as a supporting parameter in
assessing the sanitary quality of bathing beaches.

DEFINITION

Pseudomonas aeruginosa are aerobic, non-sporeforming gram-negative rods
that grow at 42 °C and produce oxidase and catalase. They do not ferment sugars.
Glucose and several other sugars (xylose, L-arabinose, D-galactose) are metabolised
by oxidation. Most strains are motile (1-2 flagella), hydrolyse casein and produce
pyacianin.

PRINCIPLES

From seawater or sewage effluent samples taken under sterile conditions, a
dilution series is set up according to the number of P. aeruginosa expected in the water
sample. Known volumes of this dilution series are filtered through 0.45y pore-size
membrane filters. The membrane filters are placed on the surface of mPA-E medium
contained in petri dishes and incubated at 36 = 1 °C for 24-48 hours. Under conditions
described in this document the colonies of P. aeruginosa are flat and more round (0.8-
2.2 mm in diameter, with irregular edges. The P. aeruginosa colonies will appear as

flat colonies with light outer rims and dark brown to greenish-black centres and dry, and
its color varied between greenish grey with a drak center or black with or without a rim.
Suspected and doubtful colonies can be tested for casein hydrolysis and pyocianin
production by streaking on milk agar and King's A agar.

Residual chioring, if present, is neutralized by adding thiosulphate to the
sampling bottle before sterilization.

APPARATUS AND GLASSWARE
Sample bottles of dark coloured borosilicate glass for surface seawater or
effluent, of 200-300 mi capacity, wide-mouthed and with ground-glass stoppers,

or plastic containers of similar capacity with well fitting stoppers.

Sample rod of non-corrosive material with a clamp to hold the sampling bottle
(Figure 1).

Subsurface sampler of the type shown in Figure 2, or similar, complete with
plastic rope and weight.
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1) Submerge mouth 20-20 em
2} Turn extension amm 180°

Figure 1. Subsurface sampling with extension arm.

Wire

——— Messenger

— Glass tube (breakable)

Rubber hose —

Metal frame

— &terile sample bottle

= 3_-* —— Heavy bottom weight

Figure 2. Sampler for sterile subsurface sampling.




I1i-4-4

5.4

5.5

5.6

57

5.8

59

5.10

5.11

512

513

514

5.15

5.1

5217

5.18

5.19

5.20

5.21
522

523

P. aeruginosa in seawater and sewage by the MF culture method
Thermoisolated plastic boxes with cooling pads or similar cooling units (camping
equipment) for storage of samples.

Thermometer, 0 10 50 °C, precision = 1 °C, preferably of unbreakable plastic,
to be used for checking temperature in plastic boxes.

Filtration apparatus for 4.7 cm diameter membrane filters consisting of at least
three filter funnels for simultaneous filtration, made of borosilicate glass or other
non-toxic sterilizable material (excluding metal filter holders and funnels),
complete with electric or water vacuum pump.

Air incubator thermostatically controlled at 42.0 + 0.2 °C, preferably with water
jacket, and air incubator thermostatically controlled at 36 = 1 °C

Stereomicroscope with a magnification 10-15x, or dark field colony counter, with
a magnification 2-3x.

Autoclave, with maximum pressure of 2 atm, electric or gas.
Drying oven for sterilization up to 170 °C.

pH meter, precision = 0.1 pH units.

Stainless steel forceps.

Analytical balance, precision £ 1 mg.

Refrigerator thermostatically controlled at 4 = 2 °C.

Vibrator (Vortex type) for mixing liquids in culture tubes.

Petri dishes of borosilicate glass, 5 cm diameter, complete with stainless steel
containers for sterilization, or disposable pre-sterilized plastic petri dishes.

Erlenmeyer flasks of borosilicate glass for media preparation, of 250 ml, 500 mi
and 1 litre.

Borosilicate glass bacteriological culture tubes.

Pipettes of borosilicate glass with total volume (blow-out) of 1, 10 and 20 ml
capacity, with stainless steel containers for sterilization.

Graduated borosilicate glass cylinders of 100, 500 and 1000 ml capacity with
glass beakers for cover.

Bacteriological loops of 3 mm diameter,
Heavy wrapping paper.

Aluminium fail (household quality).
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6.1

Membrane filters, 0.45 um pore size, 4.7 cm diameter.

Note: The 0.45 pm pore size membrane fillers should be certified by the
manufacturer 10 be free from substances which may hinder the growth
and development of bacteria. Maximum recoveries are obtained using
membranes composed of mixed esters of cellulose,

Filtration apparatus for preparing sterile solutions (Seitz filter or similar).

Blender with cups of sterilizable material.

Stomacher with plastics bags.

Filter paper.

CULTURE MEDIA, CHEMICALS AND STOCK CULTURE

Note: The compositicn of the media is based on one litre solutions or similar
units. Before preparation of media and solutions, the actual needs have
to be established and adequate amounts must be chosen accordingly.

mPA-E

6.1.1 Basal medium

L-lysin hydrochloride 50g
Yeast extract 204¢
Xylose 25g
NaCl 50qg
Sodium thiosulphate 5049
Magnesium sulphate 159
Ferric ammonium citrate 0.8 g
Phenal red 0.08 ¢
Agar (Oxoid No. 4) 120 ¢
Distilled water 1.0 litre

Preparation: Dissolve the ingredients by boiling and adjust the pH to 7.2, cool

o about 55 °C, add antibiotic mixture (6.1.2) and pour 4-5 mil into each petri dish. After
the agar has solidified in the petri dishes, invert them and store them in the refrigerator.
The dishes with the prepared medium can be kept in a refrigerator for up to 30 days.

Note: Do not autoclave the medium.

Note: The agar surface should not become too dry, because that would
prevent the membrane filter o adhere well to the agar surface and the
nutrients to diffuse readily towards the organisms on the membrane. No
colonies will develop in that case.
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6.1.2 Antibiotic mixture

Kanamycin 85.0 mg
Nalidixic acid 37.0 mg
Distilled water 100.0 ml

Preparation: Dissolve the ingredients by mixing and distribute 10 ml portions into
vials or plugged test tubes, and freeze. Thaw and add one 10 ml portion to one litre of
basal medium. Smaller portions can be distributed according to the amount of medium
required.

Note: If the antibiotics do not dissolve completely, mix thoroughly and
constantly while withdrawing the separate portions.

6.2 Milk Agar

6.2.1 Agar base

Nutrient broth 1259
NaCl 259
Agar 15.0 g
Distilled water 500.0 mi

Preparation: Dissolve the ingredients by boiling, and autoclave at 121 °C for
15 minutes.

6.2.2 Milk solution

Instant non-tat milk 100.0 g
Distilled watear 500.0 ml

Preparation: Dissolve the instant milk in distilled water and autoclave at 121 °C
for 15 minutes.

Preparation of milk agar: Cool both solutions (6.2.1 and 6.2.2) to about 55 °C,
mix aseptically and pour into petri dishes (4-5 mi for 5 cm diameter, and 15 ml for 9 cm
diameter plates). After the agar has solidified, invert the petri dishes and store them in
the refrigerator.

Note: When instant non-fat milk powder is niot available, 100 ml of sterile skim
milk can be used but, in this case, the components of the agar base
should be calculated for 800 ml instead of 1 litre, as given above.

6.3 King’'s A Agar

Peptone 20.0 g
KH,PO, 10.0g
K80, 10.0g
MgCl, 149
Agar 15.0 ¢

Distilled water 1000.0 mi
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Preparation: Dissolve the ingredients and adjust the pH to 7.2 and autoclave at
121° C for 15 minutes. Cool to 55° C and pour into petti dishes. After the agar has
solidified, invest the petri dishes and store them in the refrigerator.

6.4 Phosphate Buffer for Filtrations (pH = 7.2)

K,HPO, 30g¢
KH,PO, 1.0¢g
Distilled water 1.0 litre

Preparation: Dissolve the ingredients and autoclave at 121 °C for 15 minutes.

6.5 Peptone Saline Water for Dilutions

Peptone 10g
Sodium chloride 9.0¢g
Distilled water 1.0 litre

Preparation: Dissolve the ingredients and dispense 8 ml in test tubes used for
preparation of the dilution series and autoclave at 121 °C for 15 minutes, or dispense
aseptically with a sterile pipette 9 ml portions of the sterile saline solution (autoclaved
at 121 °C for 15 minutes) into sterile test tubes.

6.6  Thiosulphate Solution

Preparation: Prepare & 10% (10 g/100 mi) sodium thiosulfate solution in distilled
water and sterilize by filtering through a sterile membrane filter (5.25 or 8.5). The
sterilization can be omitted if the solution is prepared every 2-3 weeks and kept in a
refrigerator.
6.7 Distilled Water

Use only water distilled in all-glass or all-quartz distillation apparatus or reverse

osmosis (RO) water. De-ionized water is also acceptable if produced in apparatus not
releasing toxic substances.

Note: Commercially available distilled water is often produced in copper and
zing apparatus and is highly toxic for bacteria. Before using such water
its toxicity should be checked with a stock culture (6.7).
Note: Never use toxic chromic-sulphuric acid mixture for cleaning glassware.
6.8 Detergents for Cleaning Glassware and Apparatus
Use oniy detergents recommended by the supplier for bactericlogical use. If
such a detergent is not available, check normal household detergents with a biotest
using a stock culture of P. aeruginosa (6.9).

Note: Never use toxic chromic-sulphuric acid mixture for cleaning glassware.

6.9 95% Ethanol for Analysis.

6.10 Stock Culture of a P. aeruginosa Strain.
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7. SAMPLING
Details of a sampling plan are provided in Part ! of these guidelines.
7.1 Sampling of Surface Water

Attach a clean sterile bottle to a clean sampling rod (5.2). Immediately before
submerging the sample bottle, remove the ground glass stopper from the bottle without
touching the stopper cone. Immerse the bottle from the bow of the boat or from the
windward side while the boat is moving forward slowly. Push the bottle with the
sampling rod 25 ¢m under the water surface with the mouth of the bottle downwards,
in order to avoid contamination by surface film, then turn the sample bottle upwards and
take the sample (Figure 1). The sterile sample bottle may also be filled directly by hand
(Figure 3).

Retrieve the bottle and discard some water, if necessary, 5o that some air space
remains in the closed bottle. This space is needed for homogenizing the water sample
at the receiving laboratory. Replace the glass stopper and store the samples in the
clean thermoisolated box with cooling pads at about 4 °C, avoiding exposure to more
than + 10 °C. Separate bottles from each other with clean wrapping paper to avoid
breakage. Check the temperature with a thermometer every 3 hours. Report
irregularities in the test report. Label sample bottles indicating the sampling station, the
time of sampling and other factors relevant to the interpretation of the results.

09
CI
[ e, 3 3 - J —
i | _“_.,.-::- -
it —_—
— = ———

Figure 3. Subsurface sampiing by hand.







