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Salmonella Isolation in Nine European Laboratories Using
a Standardized Technique * t

by W. EDEL and E. H. KAMPELMACHER on behalf of the members of a Working Group a

In a previous publicationb the isolation of
salmonellae from artificially contaminated samples
of pig faeces and minced meat in 8 European
laboratories was described. The results of these
investigations are summarized in Fig. 1-3. Fig. 1
shows the results of examinations by the participat-
ing laboratories with artificially contaminated
faeces; in experiments no. 1-3 there were no com-
petitive flora, whereas in experiments no. 4-7
species of Enterobacteriacae were added. Com-
petitive flora were also added to all the artificially
contaminated samples of minced meat (Fig. 3).
The experiment numbers on these histograms refer
to the series of tests reported earlier.b

It was concluded from the results of the earlier
tests that isolation of Salmonella was possible by
various methods, when about 10 Salmonella cells
were added to each sample and when few com-
petitive organisms were present in the substrate.
Even when there was only 1 Salmonella cell per
sample, most laboratories were able to obtain a
high percentage of positive results when working
with "clean " material. When many competitive
flora were added, however, the results became
divergent. A change in the incubation temperature
from 37°C to 43°C, with the liquid enrichment
media, led to an improvement in the results.

However, after increasing the incubation temper-
ature for liquid enrichment, the results indicated
that other factors, such as the nature of the medium,
in addition to temperature, played an important
role. Therefore, it was decided to continue the
investigations in the same 8 laboratories and 1
other, using a standardized technique and com-
paring this with the methods normally used in each
laboratory.

* This investigation was initiated by the Common Market
Scientific Veterinary Group on Salmonellosis and received
financial support from the World Health Organization.

t Reprints may be obtained from the Laboratory for
Zoonoses, National Institute of Public Health, Sterrenbos 1,
Utrecht, Netherlands.

a The names and addresses of the members of the Work-
ing Group are shown in Annex 1.

b Edel, W. & Kampelmacher, E. H. (1968) Bull. Wld Hlth
Org., 39, 487-491.

Materials and methods

As in the previous investigations, pig faeces and
minced meat were used for the experiments. The
samples were either artificially contaminated with
a small number of salmonellae (pig faeces and
minced meat) or they were naturally contaminated
(minced meat). Preparation, packing and dispatch
of the samples were as described previously.b The
trials consisted of 6 experiments with pig faeces,
6 experiments with artificially contaminated minced
meat and 12 experiments with naturally contamin-
ated minced meat.
The trials on artificially contaminated pig faeces

and minced meat started in March 1968 and con-
tinued until June 1968. Between the end of Sep-
tember and the end of December 1968, they were
followed by experiments on samples of naturally
contaminated minced meat.
The laboratories were indicated by letters only.

Laboratories A1, A2 and A3 were departments of the
laboratory which organized the trial; the samples
were prepared, packed and dispatched by labor-
atory A3.

Naturally contaminated samples. The minced meat
was bought in July and August from 60 and 120
butcher's shops, respectively, in one city; portions
of 550 g were purchased on each of 2 days, with
an interval of 5 weeks between. The butchers were
requested to pass the samples through the mincer
twice to ensure good mixing and homogeneous
distribution of any salmonellae present. The por-
tions were divided into 22 parts of 25 g each, in order
to send samples in duplicate to the 11 different
laboratories (there were 3 separate departments in
laboratory A), one part to be examined by the
standardized method and the other part by the
laboratory's own method. The samples were
immediately packed in boxes and stored deep
frozen (-15°C) until dispatch.

" Own " method of bacteriological examination.
The methods used by the various laboratories, in
comparison with the standardized method, were
similar to those given in the previous paper b
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FIG. I
NUMBER OF SAMPLES OF ARTIFICIALLY CONTAMINATED FAECES FOUND POSITIVE FOR SALMONELLA

BY EIGHT EUROPEAN LABORATORIES a
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FIG. 3
NUMBER OF SAMPLES OF ARTIFICIALLY CONTAMINATED MINCED MEAT FOUND POSITIVE FOR SALMONELLA

BY EIGHT EUROPEAN LABORATORIES a

No. of samples known to be
contaminated in each experiment
(i.e., no. artificially contaminated) No. of samples found positive by the participating laboratories
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a Drawn from data given by Edel, W. & Kampelmacher, E. H. (1968) Bull. Wid Hlth'Org., 39, 487-491.

with the following exceptions. All laboratories
except E (and laboratory B with selenite) used an
incubation temperature of 43°C for the liquid
enrichment media. Laboratories C, G and I warmed
the medium at 43°C prior to inoculation, whereas
laboratories A, D and H warmed the jars in a water-
bath at 45°C for 15 min after inoculation. There-
after all laboratories incubated the media at 43°C
in an incubator. The same volume of enrichment
medium was used by all laboratories for their own
as for the standardized method.

Other variations were as follows:
Laboratory B: Selenite F was incubated at 37°C

for faeces and naturally contaminated minced meat.
Larger jars were used (300 ml). In addition a
brilliant green phenol red agar (BGA) plate was
used for identification.

Laboratory C: Only one liquid enrichment
medium (tetrathionate) was used.

Laboratory D: Only one liquid enrichment
medium (tetrathionate Muller-Kauffmann) was used.

Laboratory E: The volume of the pre-enrichment
medium was the same as that of the liquid enrich-
ment medium for the standardized method. Larger
jars were used (300 ml). The incubation tempera-
ture of the selective agar plates was changed from
30°C to 37°C.
Laboratory F: The pre-enrichment liquid suspen-

sion was incubated at 20°C-220C for 2 h and
subcultured into the liquid enrichment medium.
Two subcultures were made, the first after 48 h and
the second after 72 h incubation. BGA without
sulfapyridine was used.

Laboratory G: There was no pre-enrichment step
and only one liquid enrichment medium (Jeffries
modification, i.e., tetrathionate with brilliant green)
was used.

Laboratory H: Tetrathionate with brilliant green
was used as the only liquid enrichment medium.

Laboratory I: Tetrathionate (Muller-Kauffmann)
was used as liquid enrichment medium. Two sub-
cultures were made, the first after 18 h-24 h, the
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FIG. 4
NUMBER OF SAMPLES OF ARTIFICIALLY CONTAMINATED FAECES FOUND POSITIVE FOR SALMONELLA
BY NINE EUROPEAN LABORATORIES USING BOTH THEIR OWN METHOD AND THE STANDARD METHOD

No. of samples known to be
contaminated in each experiment
(I.e., no. artificially contaminated) No. of samples found positive by the participating laboratories
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second after 48 h, each on to a single 9-cm plastic
Petri dish of BGA.
Standardized method of bacteriological examina-

tion. The standardized procedures and media were
based on the method used by laboratory A for the
isolation of salmonellae. It was convenient to use
commercially produced dehydrated media from
single batches, distributed to each laboratory.
Throughout the investigation the media were made
up in each laboratory and tested prior to the com-
mencement of the trial. The formulae of the media,
the methods of preparation, and details of the
standardized method are given in Annex 2, in the
form in which they were sent to each participating
laboratory before the investigation started.

Salmonella identification. The method for iden-
tification is also described in Annex B. Serotyping
and phage typing were carried out at the National
Salmonella Centres of the various countries or at
the National Salmonella Centre, Utrecht, Nether-
lands, situated in Laboratory A (Dr P.A.M. Guinee).

c Kindly supplied by Oxoid Ltd., London, England.

Results

Experiments with artificially contaminated faeces.
In each experiment 2 x 15 samples of 5 g each were
examined. The number of samples inoculated with
salmonellae varied in each experiment and was
known only to laboratory A3 where the inoculation
took place.

In the preliminary experiments, no. I and no. II,
which were used to familiarize the workers with the
standardized method and media, approximately 105
cells of Salmonella utrecht were added to the 5-g
samples. For experiments no. III-VI approximately
10 cells of S. utrecht were added to samples. In
addition, in all 6 experiments approximately 108
cells of a mixture of the genera Enterobacter, Citro-
bacter, Proteus sp., Providencia and Pseudomonas
was added to each sample, in order to increase the
amount of competitive flora. The results are
summarized in Fig. 4.

Experiments with artificially contaminated minced
meat. The minced meat was purchased from a
small butchery, that slaughtered its own animals
once a week. The absence of salmonellae was
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FIG. 5
NUMBER OF SAMPLES OF ARTIFICIALLY CONTAMINATED MINCED MEAT FOUND POSITIVE FOR SALMONELLA
BY NINE EUROPEAN LABORATORIES USING BOTH THEIR OWN METHOD AND THE STANDARD METHOD

No. of samples known to be
contaminated in each experiment
(i.e., no. artificially contaminated)
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thought to be due to control measures intrl
during earlier investigations. Again 2 x 15 s
were used for each experiment and chosen n
of samples, each of 10 g, were artificially
minated with approximately 10 cells of salm
and approximately 108 cells of a mixture
competitive flora. In experiments no. I-
utrecht and in experiments no. V and VI S.
murium was added to the samples. S. typhin~
the most frequently occurring serotype, was
in order to ensure that the efficiency of the
of isolation was the same as for the serol
utrecht which is seldom isolated. The resu
given in Fig. 5.

Experiments with naturally contaminated
meat. In 12 experiments, 180 duplicate sam
25 g of minced meat from butcher's shop
investigated.
The results are summarized in the accomp

table.
Influence of incubation time of the liquid

ment media on the isolation of salmonellad

No. of samples found positive by the participating laboratories

WMO 93214

Laboratory (x = standard method; y = " own " method)

samples of artificially contaminated faeces, the
standardized method and " own" methods gave
almost 100% success in isolations from subcultures
after 24-h incubation of the liquid enrichment media,
the figures being 99.6% (96.3 %-100%) and 98.1%
(94.5y%-100%) respectively. After 48-h incubation,
the figures were 0.4% (0.0-3.7 %) and 1.9%
(0.0-5.5%), respectively, tor additional isolations.
For artificially contaminated minced meat the

results were not so good. Isolation rates from
subculture after 24-h incubation were for the
standardized method 80.1 % (68.3 %-94.8 %) and
for " own " methods 74.4% (34.8 %-93.2 %). Isola-
tion rates from subculture after 48-h incubation
were 19.9% (5.2 %-31.7 %) and 25.6% (6.8 %-65.2 %)
respectively, for additional isolations.
The results from naturally contaminated minced

meat were similar to those from the artificially con-
taminated minced meat. Isolation rates from sub-
cultures after 24-h incubation of the liquid enrich-
ment media were 70.7% (42.9%-100% for the
standardized method and 73.3% (57.1%-90.0%)
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for " own " methods. After 48-h incubation the
rates were 29.3% (0.0-57.1 %) and 26.7% (10.0%-
42.9 %), respectively, for additional isolations.

Discussion

The results from experiments no. I and II with
artificially contaminated faeces showed that when
samples contained a large number of salmonellae
all laboratories, those using their own method as
well as the standardized method, were able to
isolate salmonellae. When salmonellae were present
only in low numbers (faeces experiments no. III-VI,
minced meat experiments no. I-VI), there were
marked differences between the results from different
laboratories. There was little difference between the
rates of isolation of S. utrecht and S. typhimurium.
Comparing Fig. 4 and 5 with the results in the
accompanying table it may be seen that, in general,
the results from the examination of artificially con-
taminated material were more uniform than those
from the naturally contaminated material.
When the incubation time of the liquid enrichment

media was prolonged, and a second subculture was
made after 48 h, more positive samples were found.
In Salmonella surveys it is therefore advisable to
make a second subculture, especially when large
numbers of competitive flora are present in the
substrate. In these experiments only 75% of the
samples were positive after 24 h.

It was interesting to observe that with naturally
contaminated minced meat more samples were
found positive with a laboratory's " own " methods
than with the standardized method-43 out of 180
(23.9%) and 33 out of 180 (18.3%). Those labor-
atories using a good isolation technique obtained
better results with their " own" methods. The
laboratories using a less efficient "own " method

obtained better results with the standardized method.
This may be explained by the fact that a good " own "

method implies that the investigators have had much
experience in reading selective plates. When using
a less efficient technique, the recognition of Salmo-
nella colonies is an important factor. However,
looking for and identifying suspicious colonies is
time-consuming and is, therefore, one of the limiting
factors. The experience of each worker in the entire
isolation technique is also important.d

In spite of the fact that the standardized media
were new for all the participating laboratories, the
laboratories with a good " own" method obtained
better results with the standardized method than
the laboratories with a less efficient " own " method.
In general, the standardized method levelled the
results, i.e., differences between laboratories were
less pronounced.

It may be concluded from the results that a
standardized method for the isolation of salmonellae
would be an advantage for many laboratories
engaged in routine work. For those that have
studied techniques for the isolation of salmonellae
for many years the use of a standardized technique
may not constitute an improvement. However, the
object of the investigation was to reach agreement
on an acceptable method of examination for inter-
national use.
Although the standardized method gave rise to

some improvement there was still a considerable
difference between laboratories. The investigation
will be continued to obtain more information on the
factors which influence the variation in results and
if possible to obtain more uniform results between
laboratories.

d Kampelmacher, E. H. (1967) Zbl. Bakt., I. Abt. Orig.,
214, 100-111.
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University of Bristol, Bristol, England
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Annex 2

DIRECTIONS FOR A STANDARDIZED METHOD OF SALMONELLA ISOLATION

Relation between substrate and enrichment medium
Artificially contaminated samples

Faeces 1: 20 (1 part faeces to 20 parts of enrich-
ment medium, which, in this case, is
5 g in 100 ml)

Minced meat 1 10 (1 part minced meat to 10 parts
of enrichment medium which, in this
case, is 10 g in 100 ml).

The trial will start with faeces samples. Put the
whole sample, including the plastic bag, into the
enrichment medium by cutting it in pieces.

Naturally contaminated samples
Minced meat 1: 6 (1 part minced meat to 6 parts of

enrichment medium which, in this
case, is 25 g in 150 ml).

Enrichment medium-tetrathionate-bile-brilliant-green
broth
Preparation of the medium

Tetrathionate broth base (Oxoid CM29) 77 g
Desiccated ox bile (Oxoid L50) 4.75 g
Distilled water 1000 ml

Suspend the broth base and the ox bile in the water
and bring to the boil. (The best way to do this is to
put the bottles containing the fluid into a water-bath
or a pot with boiling water for approximately
15 min. At this stage the powders are entirely
dissolved). Cool to below 45°C and just prior to use
add 19 ml of iodine solution and 9.5 ml of a 0.1 %
brilliant-green solution. Mix well and put into jars
in 100-mi or 150-ml quantities.

Iodine solution
Iodine (OPG) e 200 g
Potassium iodide (OPG) 250 g
Distilled water to a final volume 1000 ml

Dissolve potassium iodide in approximately 200 ml
distilled water, add the iodine and dissolve. Add

e Onderlinge Pharmaceutische Groothandel, Utrecht
Netherlands.

distilled water to 1000 ml. The iodine and potassium
iodide will be sent to all laboratories by laboratory A.

Brilliant-green solution 0.1 %
Brilliant green (Chroma) 1 g
Distilled water 1000 ml

Mix and shake well and heat 30 min at 100°C.
During cooling shake well from time to time until
all the brilliant green is dissolved. This solution
must be kept in the dark. In this way a 0.1% solu-
tion is prepared for use throughout the trial. The
brilliant green (Chroma) will be sent to all labor-
atories in a small bottle containing exactly 1 g by
Laboratory A.

Incubation time of the enrichment medium

48 hours.

Incubation temperature of the enrichment medium

Just after putting the samples in the enrichment
medium, put the jars or flasks immediately in a
45°C water-bath for 15 min. Remove the jars or
flasks from the water-bath without drying them and
transfer to an incubator at 43°C.

Subcultures
First subcultures should be made after 18 h-24 h;

second subcultures after 48 h.

Method ofstreaking
One loopful (2.5 mm-3 mm inside diam.) for

2 plates (9 cm diam.). Take a droplet from the edge
of the surface of the fluid. Inoculate the plate
according to the 2 diagrams in Fig. 6. Use the whole
plate; loop streaks should have spaces between each
other of approximately 0.5 cm-i cm. Use the same
loop for streaking 2 plates, of diameter 9 cm,
passing directly from the first to the second plate
without putting the loop again into the enrichment
medium and without repeating the main streak on the
second plate.
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FIG. 6
STANDARD METHOD OF STREAKING AGAR PLATES

1st PLATE 2nd PLATE

AIN STREAK

Selective plate-brilliant-green phenol-red agar
(BGA)
Preparation of the medium (for I litre)

Add 0.9 ml of a 0.5% brilliant-green solution
(= C) to the 100 ml sugar/phenol red solution pre-
viously heated and cooled to 55°C (= B). Add
this mixture (C+B) to the 900 ml sterilized and
cooled (> 500C-< 55°C) agar base. After thorough-
ly mixing prepare plates. The agar layer should have
a thickness of 4 mm, which means that you can pour
approximately 40 plates (9 cm diam.) from 1 litre
of the medium. Prepare your plates during the
week before required; otherwise the plates are too
wet to use and spreading occurs.

(A) Agar base
Basal mix (Oxoid)
Lab lemco
Peptone
NaCl
Na2HPO4
NaH2PO4
Agar
Distilled water

4.0 g
10.4 g
3.1 g
1.0 g
0.6 g
12 g

900 ml

Add 31 g of the basal mix to the water and
allow to soak for 15 min. Sterilize by auto-
claving for 15 min at 121°C. Cool to 50°C-55°C.

(B) Sugar/phenol red solution
Sugar/phenol red mix (Oxoid)
Lactose
Sucrose
Phenol red
Distilled water

10.4 g
10.4 g
0.09 g
100 ml

Add 21 g of sugar/phenol red mix to the water.
Heat for 15 min at 700C (do this in a water-
bath at 70°C). Cool to 55°C. To be used
immediately.

(C) Brilliant-green 0.5% solution
Brilliant green (BDH)
Distilled water

0.5 g
100 ml

Dissolve. Keep solution 7 days at room tem-
perature in the dark. Shake well from time to
time. Do not heat or sterilize this solution, and
keep it in the dark. This 0.5% solution is now
prepared for the whole trial.
The brilliant green (BDH) will be sent by

laboratory A to the laboratories in a small
bottle containing exactly 0.5 gram.

Incubation of the selective plates
18 h-24 h at 37°C.

Identification of suspicious colonies
Samples will be artificially contaminated with S.

utrecht or S. typhimurium. During these experiments
you can make slide agglutinations with S. utrecht
0-serum (052) or, in the case of S. typhimurium,
with 05 serum and Hi serum, direct from the brilliant-
green phenol-red agar, but only 1-3 colonies per
sample. It is not necessary to make a second sub-
culture after 48 h from the positive samples. Other-
wise suspicious colonies (1-2 per sample) should be
picked off with a straight wire first into lysine
decarboxylase medium (LDC) and then into triple
sugar iron (TSI) agar (zigzag the slant and stab to
base of butt).

9
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Incubate LDC and TSI for 18 h-24 h at 37°C.
Slide agglutination can then be done from a pure
culture on the TSI when LDC and TSI are positive.
As far as the LDC and TSI media are concerned,
you will receive, from Oxoid, tablets (CM308) of
lysine decarboxylase broth without peptone, and
granules (CM 277) of triple sugar iron agar, with
a description of how to prepare the media. The
polyvalent and short polyvalent (marked on the
bottles in Dutch korte polyvalent) 0 serum which

will be sent to you, will be used only in the experi-
ments with naturally contaminated samples.
The omnivalent serum contains all the known
0-groups. The short polyvalent serum only the
groups Vi, B, C, D, E, G and L. Send serological
and/or biochemical positive strains for further
identification to your National Salmonella Centre
or to the National Salmonella Centre, Utrecht,
Netherlands, situated in Laboratory A (Dr P. A. M.
Guinee).

The Therapeutic Effect of Atropine and Tetraethylammonium Bromide
Against Anticholinesterase Insecticides in Mice and Rats

by R. D. VERSCHOYLE, Technical Officer, and J. M. BARNES, Director, Toxicology Research Unit,
Medical Research Council Laboratories, Carshalton, Surrey, England

It has been reported a that tetraethylammonium
chloride (TEAC) was superior to atropine sulfate as
an antidote for mice acutely poisoned with some
anticholinesterase carbamates used as insecticides.
This report received some publicity in the lay press as
indicating possible new therapy for accidental
poisoning by these insecticides. It is not clear why
TEAC should be an effective antidote for the carba-
mate insecticides used by Andrews & Miskus,a since
although it is stated that TEAC antagonizes the
action of neostigmine,b this compound is a dimethyl-
carbamate and has a quaternary ammonium group.
The insecticides used by Andrews & Miskus were
monomethylcarbamates, and have no quaternary
groups.
The action of TEAC itself is complex. At low doses

it blocks ganglion cells and neuromuscular functions,
apparently by preventing access of acetylcholine, but
at higher doses TEAC actually releases acetylcholine,c
and this effect should enhance the toxic action of
anticholinesterase compounds. Although Andrews
& Miskus a stated that in their animals there were
fewer side-effects from TEAC than atropine, in man

a Andrews, T. E. & Miskus, R. P. (1968) Science, 159,
1357-1368.

b Sollman, T. (1957) A manual of pharmacology, 8th ed.,
Philadelphia, Saunders.

c Goodman, L. S. & Gilman, A. (1965) The pharmacolo-
gical basis of therapeutics, 3rd ed., New York, Macmillan.

TEAC has many unpleasant side-effects, while
atropine has been well tried in therapeutic doses in
cases of poisoning by anticholinesterases.

This paper reports experiments on rats and mice
poisoned with a number of monomethylcarbamate
insecticides and with 2 very toxic organophosphorus
compounds, and treated with either atropine sulfate
or tetraethylammonium bromide (TEAB).

Materials and methods
All insecticides were given orally by stomach tube

as liquid formulations to female rats (180 g) and
mice (20 g). Therapeutic doses of atropine and TEAB
were given intraperitoneally in distilled water at the
same time as the insecticide dose, or 5-10 min later.
For each test insecticide, 3 groups of animals were
used. Of these 1 group received the insecticide only
(untreated), and the other 2 groups were treated with
either atropine at 10 mg/kg or TEAB at 20 mg/kg.

Results
After dosing with carbamates the onset of signs of

poisoning was usually very rapid, and most animals
were showing them at the time of the therapeutic
dose. When the onset of poisoning was very rapid
and severe, the time before giving the antidote was
shortened in an attempt to control the toxic effects.
Both atropine and TEAB were effective in control-

ling the effects of the carbamates, but atropine
2371c


