
Notes

Comparative Studies on Salmonella-Isolation in
Eight European Laboratories* t

by W. EDEL and E. H. KAMPELMACHER on behalfof the members ofa Working Group a

For many years bacteriologists have suspected
that the techniques for isolating various micro-
organisms vary widely in different laboratories, each
laboratory being convinced that its method is
best. Moreover, it is often difficult to persuade
laboratories to change to other methods. For the
import and export surveillance of food samples,
however, it is important to use comparable methods,
particularly where pathogenic bacteria are con-
cerned. While different methods are used the results
are likely to vary and a public health problem
such as salmonellosis will be judged by different
standards in different countries.
A recent study in one of the participating coun-

tries b has clearly shown that results may vary even in
one country and in one laboratory when a large
number of samples is examined.

In the study reported in this paper the participat-
ing laboratories used standard materials and their
own methods of examination. The results were then
compared to consider whether standardization of
techniques was necessary.

Methods and materials

Two substrates were used for the experiments-
namely, pig faeces and minced meat. The samples to
be investigated were either artificially contaminated
with a small number of salmonellae or were natural-
ly contaminated. The pig faeces trial consisted of
7 experiments (no. 1-7), the minced meat trial of
12 experiments (no. 1-8 with naturally contaminat-
ed material and no. 9-12 with artificially contami-
nated material).

* 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
Working Group are shown in the annex on page 491.

b Kampelmacher, E. H. (1967) Zbl. Bakt., I. Abt. Orig.,
204, 100-111.

Laboratories. The laboratories are indicated by
letter only. In laboratory A, which organized the
trial, investigations were done in 3 departments (A1,
A2 and A3). Department A3, which was responsible
for the preparation and dispatch of samples, ex-
amined the faeces samples in triplicate and the
minced meat samples in duplicate in order to ex-
amine the distribution of salmonellae added artifi-
cially to the faeces, and to test 2 methods of isolation
in the meat trial.

Artificially contaminated samples. Since homoge-
neous distribution of small numbers of salmonellae
(1-10) is difficult to achieve in a non-liquid substrate,
the inoculum was added to separate samples. Start-
ing with a 24-hour broth culture containing approxi-
mately 1.3 x 109 cells per ml of the Salmonella sero-
types used in these experiments, 10-fold dilutions in
saline were prepared. From each of the tubes con-
taining approximately 1.3 x 102 or 1.3x 103 cells
per ml, 1 ml was then added to 129 ml of saline to
give final inocula which contained either 1 or 10
Salmonella cells per ml, respectively. According to
the Poisson distribution, for the inoculum with 1 cell
per ml, 36.8% of the 1-ml samples would be expect-
ed to contain no salmonellae, 36.8% would contain
1 Salmonella organism and 24.5% would contain 2-3
salmonellae. The chance that 1-ml samples would
contain more than 3 cells per ml was less than
2 %. Where an average number of 10 cells per ml was
expected, most samples should have contained 5-15
salmonellae; at this dilution the chance of less than 5
or more than 15 cells per ml was also less than
2%. Since the faeces used in the experiments con-
tained no or only few organisms competing for
isolation with the salmonellae, 0.1 ml of a mixture
of bacteria from 24-h broth cultures of the following
species was sometimes added: Citrobacter, Aero-
bacter, Proteus, Pseudomonas, and Providencia.
The samples of artificially contaminated faeces

were from pellet-fed pigs which had been examined
for several weeks previously to ensure the absence of
salmonellae. Five-gram samples of faeces were put
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in small plastic bags the week before sending the
samples to the laboratories, and were then stored in
a refrigerator. The mixture containing competitive
flora was added as required (experiments 4-7) to the
samples 3 days before dispatch. On the day of dis-
patch a 10-fold dilution of S. utrecht was prepared
from a 24-hour broth culture and 8 ml from tubes
containing approximately 1.3 x 102 cells per ml (ex-
periment 3) and 1.3 x 103 cells per ml (experiments 1,
2 and 4-7) were added to 1032 ml of saline. After
thorough mixing, the final dilution was put in small
glass bottles (one glass bottle for each parcel of
30 samples). To a chosen number of samples, 1 ml
was added with a 1-ml pipette immediately before
the bags were sealed and placed in boxes.
With minced meat samples (experiments 9-12) a

small piece of bread was placed in a 20-g portion
of meat and the Salmonella cultures and the mixture
of other bacteria (competing species) were pipetted
on to the bread, because the amount of fluid (1.1 ml)
could not be absorbed by fresh minced meat. The
samples were wrapped in parchment paper and
transferred to a plastic bag before being deep-frozen
(- 15C) in boxes ready to be sent to the other
laboratories.

Naturally contaminated samples. Only minced
meat samples were used in these experiments (ex-
periments 1-8). The meat was bought in 250-g
portions on 2 days, with an interval of 1 week be-
tween purchases, from 125 butchers' shops in Au-
gust. Each portion was divided into 11 parts, I for
each of the different laboratories; these were packed
and deep-frozen as described above.

Transport. All samples were sent in cardboard
boxes insulated on the inside with foam-polystyrene
and containing a " cold-pack ".c Faeces samples were
put on the upper side of the frozen "cold-pack "just
before sending the boxes to the laboratories. Ex-
periments proved that during the 24-hours' storage of
these samples at room temperature the temperature
in the boxes rose no higher than 10°C.
Minced meat samples were deep-frozen in the

boxes with the " cold-pack ", ready for dispatch. In
the case of the naturally contaminated samples, the
storage time from the first to the last dispatch was
6-12 weeks; for artificially contaminated samples the
time was 1-4 weeks.
The boxes were sent on a Monday by air or rail,

so that they would arrive in the different countries

c Plastic container filled with a non-toxic refreezable gel.

on the same day. They were stored overnight in the
laboratories in the refrigerator and examined the
next day. The same procedure, i.e., storage at room
temperature during Monday and refrigeration over-
night followed by examination the next day, was
followed by all the departments of laboratory A. It
should be noted that customs control sometimes
delayed delivery: this was one of the most trouble-
some aspects of the trial. Sometimes delivery was
delayed 1 or more days and, on one occasion,
14 days; nevertheless, the laboratory concerned
found 11 of the 12 artificially contaminated faeces
samples positive for salmonellae. At a later stage the
boxes were wrapped in bright-red paper in order to
facilitate recognition.
Methods of bacteriological examination. The

results of the experiments were sent out before the
completion of the trial and in the light of these some
of the laboratories changed their methods frequently.
The different methods used are shown in Table 1.

Results
Experiments with artificially contaminated faeces.

In these experiments a chosen number of samples
was artificially contaminated. In experiments 1 and
2 approximately 10 cells of S. utrecht and in ex-
periment 3 approximately 1 cell of S. utrecht was
added to each 5-g sample. The faeces samples,
as noted earlier, contained only low numbers of
competing organisms or none at all, although the
viable count of Enterobacteriaceae was 106 per
gram. In experiments 4-7, in addition to 10 cells of
S. utrecht, 108 cells of a mixture of the Aerobacter,
Citrobacter, Proteus, Providencia and Pseudomonas
groups were added to all the samples. The results of
these experiments are summarized in Table 2.

Experiments with naturally contaminated minced
meat. The results from the 8 experiments are sum-
marized in Table 3 and the relative efficiency of the
methods used by each laboratory in Table 4, the
relative efficiency of a laboratory being the number
of positive findings in this laboratory in relation to
the actual number of positive samples.

Experiments with artificially contaminated minced
meat. In these 4 experiments a chosen number of
samples was artificially contaminated with approxi-
mately 10 cells of 7 different Salmonella serotypes,
but not more than one serotype was added to each
20-g sample. Approximately 10" cells of a mixture
of the various species of competing bacteria were
added to all samples. The minced meat initially
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found 11 of the 12 artificially contaminated faeces
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facilitate recognition.
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results of the experiments were sent out before the
completion of the trial and in the light of these some
of the laboratories changed their methods frequently.
The different methods used are shown in Table 1.

Results
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In these experiments a chosen number of samples
was artificially contaminated. In experiments 1 and
2 approximately 10 cells of S. utrecht and in ex-
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added to each 5-g sample. The faeces samples,
as noted earlier, contained only low numbers of
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TABLE 2

NUMBER OF POSITIVE RESULTS OF EXAMINATION FOR SALMONELLAE IN SAMPLES OF FAECES
INVESTIGATED IN 8 EUROPEAN LABORATORIES a

No. of cells added
per sampleExperiment:~~~~~~~~

S. utrecht Other bacteria b

10

10

10

10

10

10

108

18

1 Cl

108,

Ai

25

16

14

20

12

22

19

Laboratory

AA B C D E F G H

25 25 25 25 25 25 25 25 22 25 25

18 18 17 18 18 18 18 18 18 18 17

13 -d -d -d 9 11 7 12 11 15 9

21 21 21 21 0 4 0 0 0 0 1

12 12 12 12 11 6 6 4 0 1 1 4

21 22 20 22 14 3 22 2 0 22 12

19 19 19 19 15 0 17 0 1 19 16

aI Each experiment consisted of 30 samples gf which a chosen number was artificially contaminated.
b A mixture of Asrobacter, Citrobacter, Proteus, Providencia and Pseudomonas.
c Mean value according to the Poisson distribution = 16.68.
d In experiment 3 a 5-fold control was done, together with a 5-fold control in nutrient broth without faeces, to check distribu-

tion; results of the controls were: 14, 11, 17, 19 and 16 positives; and the results in broth were: 15, 18, 15, 15 and 17 positives, in each
case out of 30 samples.

contained approximately 105 cells of Enterobac-
teriaceae per gram. The results of these experi-
ments are summarized in Table 5 and the relative
efficiency of the laboratory tests in Table 6.

Discussion
The main conclusion to be drawn from the results

of these experiments is that all laboratories, using
their own methods, were able to isolate salmonellae

TABLE 3

NUMBER OF POSITIVE RESULTS OF EXAMINATION FOR SALMONELLAE IN NATURALLY
MINCED MEAT INVESTIGATED IN 8 EUROPEAN LABORATORIES

CONTAMI NATED

Laboratory
Experiment No. of INo. of

no. samples positive
samples a

2

3

4

5

6

7

8

30

30

30

33

32

32

31

31

10

10

12

17

15

10

9

14

A2 I!=

a

4

4

3

4

12

4

7

5

4

4

4

7

5

5

6

4

3

7

7

11

4

6

9

_ B
b

5

6

4

7

8

2

4

10

1

2

3

6

7

2

1

3

C

0

2

0

2

0

3

D E F

4

3

2

5

7

0

3

3

0

0

0

0

0

0

0

0

0

0

0

0

0

2

G

0

0

1
0

6

3

2

H

3

6

5

7

5

4

3

a A sample was called positive if at least 1 laboratory isolated Salmonella from it.

Experiment
no.

11

2

3

4

5

6

7

No.
of artificially
contaminated

samples

25

18

1419 c

21

12

22

19

Total 249 97 39 40 51 46 25 9 27 | 2 2 | 13 34
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TABLE 4
RELATIVE EFFICIENCY OF METHODS USED IN 8 EUROPEAN LABORATORIES FOR THE ISOLATION

OF SALMONELLAE FROM NATURALLY CONTAMINATED MINCED MEAT

Experiment
no.

2

3

4

5

6

7

8

No. of
positive

samples a

10

10

12

17

15

10
9

14

Estimated mean

Laboratory

0.40

0.40

0.25

0.24

0.80

0.10

0.44

0.50

0.39

0.50

0.40

0.33

0.24

0.47

0.50

0.56

0.43

0.43

As

a b

0.40

0.30

0.58

0.41

0.73

0.40

0.67

0.64

0.52

0.50

0.60

0.33

0.41

0.53

0.20

0.44

0.71

0.47

B

0.10

0.20

0.25

0.35

0.47

0.20

0.11

0.21

0.24

C

0.00

0.10

0.08

0.12

0.00

0.20

0.00

0.21

0.09

D

0.40

0.30

0.17

0.29

0.47

0.00

0.33

0.21

0.27 I

E

0.00

0.00

0.00

0.06

0.00

0.00

0.11

0.00

0.02

F G

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.14

0.02

0.00

0.00

0.08

0.00

0.40

0.10

0.33

0.14

0.13

a A sample was called positive if at least 1 laboratory isolated Salmonella from it.

when there were approximately 10 per sample and
when few competitive organisms were present (see
experiments I and 2, Table 2). Even when there
was only 1 Salmonella cell per sample most of the
laboratories were able to obtain a high percentage
of positive results when working with the " clean "

material (see experiment 3, Table 2). As soon as

competitive organisms were present in large numbers
in the substrate the efficiency of isolation declined
in all laboratories except laboratory A (see experi-
ment 4, Table 2). Contrary to the methods used in
all the others, laboratory A always incubated the
enrichment media at 43°C. Laboratories B, D, G
and H changed to 43°C incubation for liquid enrich-

TABLE 5
NUMBER OF POSITIVE RESULTS OF EXAMINATION FOR SALMONELLAE IN ARTIFICIALLY CONTAMINATED

MINCED MEAT INVESTIGATED IN 8 EUROPEAN LABORATORIES a

Exp.
no.

No. of No. of cells added. of No. per sampleartificially prsml
contaminated Poste

samples samples SalmonellaC Other bacteriad

9 15

10 9

11 11

12 12

Total 47

15

9

9

10

43

10

10

10

10

108
1Ro'
10'
10'

Laboratory

A3A A2 - B
a b

13 11 13 15 11

7 6 6 8 3

5 5 7 4 1

4 2 2 6 0

924 j28 33 115

C D
I

2

0

0

3

2

3

7

E F G H

0

0
0

0
0

0

2

O
0

3

0

0

0
1

5

2

9

490

H

0.30

0.60

0.42

0.41

0.33

0.40

0.11

0.21

0.35

a Each experiment consisted of 30 samples of which a chosen number was artificially contaminated.
b A sample was called positive if at least 1 laboratory isolated Salmonella from it.
c Seven different serotypes were used, but only one serotype per sample.
d A mixture of Aerobacter, Citrobacter, Proteus, Providencia and Pseudomonas.

A2
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TABLE 6
RELATIVE EFFICIENCY OF METHODS USED IN 8 EUROPEAN LABORATORIES FOR THE ISOLATION

OF SALMONELLAE FROM ARTIFICIALLY CONTAMINATED MINCED MEAT

No. of Laboratory
xp erim en artificially

n. con- A3taminated Ai Al B C D E F G H
le

1 | 1 | 0.87 | 0.73 0.87 1.00 0.73 0.07 0.13 0.00 0.00 0.00 0.33

2 19 0.78 0.67 0.67 0.88 0.33 0.22 0.11 0.00 0.22 0.11 0.22

3 1 1 0.45 0.45 0.64 0.36 0.09 0.00 0.27 0.00 0.09 0.00 0.09

4 12 0.33 0.17 0.17 0.50 0.00 0.00 0.08 0.00 0.00 0.00 0.08

Estimated mean 0.61 j 0.51 0.59 ] 0.69 0.29 0.07 0.15 0.00 0.08 0.03 0.18

ment media after the fourth faeces experiment and
better results were then obtained (Table 2).
When the experiments with naturally contaminat-

ed minced meat are considered it is clear that great
differences existed between the various laboratories,
although heterogeneous distribution of the organism
in the meat may have played a greater role in each
experiment than in the whole trial. This hypothesis
is strengthened by the fact that the 3 departments of
laboratory A found nearly the same total number of
positive samples. The difference between the results
from the various laboratories was even more pro-
nounced in the experiments with artificially contami-
nated minced meat. It was interesting to observe
that with these samples the number of Salmonella
isolations decreased during storage at a deep-frozen
temperature. In the first week the departments of
laboratory A obtained nearly a 100% recovery,
whereas in the last experiments there was an average
recovery of 30 %. It is not impossible that a relative-
ly small number of salmonellae had been killed
during cold-storage.

In the minced meat experiments all laboratories,
with the exception of E, used 430C incubation for
their liquid enrichment media. However, the results
indicate that other factors, such as media, play an
important role in addition to the incubation tem-
perature.

It was decided to continue the investigation using
a standardized method compared with the methods
normally used in the various laboratories. It is

hoped that the intra- and inter-laboratory compari-
son of results may answer further questions with
regard to the techniques used in the isolation of
salmonellae.
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