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CULTIVATION OF LISTERIA MONOCYTOGENES

By Bern? Warnecke
State Public Health Institute, Bremen
(Director: Prof. Dr. C. van Marwyck)
Dept. of Bacteriology and Serology

Zent. f. Bakt. Orig., Vol 189, 1963, pp 162-1T7

The endemic appearance of listeriosis these last years has
considerably enlarged our knowledge on the biology of this
pathogenic agent.

On the occasion of the Bremen endemic reported by M.
Fischer, we had to get thoroughly acquainted with Listeria
culture which is the subject of this paper. We were particu-
larly interested in the following questions:

How long can L. monocytogenes (Listeria) be determined in
the various media? Can higher yleld be obtained by partial
keeping under refrigeration? Can more frequent and more rapid
isolation be achieved by using the serum-bactericidal factor?

A. Determination Period in Pure Cultures

To determine vitality, i.e., learn the determination perioq,

a total of 103 specimens of soil, sand, milk, serum and tap
water were infected with pure Listeria cultures.

Twenty-six soil- and 10 sand samples were sterilized, in-
troduced into tubes at the rate of 5 ml, then treated with a
0.5 ml suspension of about 50,000 Listeria bodies. Ten ml each
of 16 sterile samples of milk, 21 of serum and 20 of tap water
were inoculated with a 0.1 ml suspension of about 10,000 micro-
bial bodies. A smear was prepared from these media on slides
treated with 5% ram blood, in the beginning every other day and
later at 8 days' intervals.
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The Listeria could be cultured even after many months of
storage. They developed well even in the dry sand or dry milk
smear. It was rarely necessary to enrich with dextrose bouil-
lon. Bacteria from the pure Listeria cultures remained cultiv-
able for many months (Table 1).

Resistance was the same in the type I, II and IVb at my
disposal.

Table 1
Determination Period of Listeria mono O, es8 in Various
Cﬂ%uro ﬁid {a
dor Maximalssiton dornach.
(1) Ansablder (2) Xanrmodinm (8)’,,,_,, Anstchbungen
o 4
-3 H el o gme )
16 8 Mileh 48 . :
21 w [ 1] »
20 8) Leitungswaseer m .

1 == Number of samples; 2 =-- Culture medium; 3 -- Maximal period
of culture determinabillity; 4 =-- Soil; 5 -- Sand; 6 ~- Milk; 7 -
=~ Serum; 8 -- Tap water; 9 -- Days.

B. Cultivation From Mixed Cultures

Random secondary infection of the media with gram-positive
microorganisms such as staphylococci, B. mesenteri or %
subtilis had no untoward effect on dehminaiiﬁ%. The diffi-
culties of Listeria cultivation started when the samples were
contaminated with gram-negative microorganisms.

Thus Listeria could be determined only in rare cases in
801l or milk contaminated simultaneously with E. coll or Ps.
mgfggg; only in 7 out of 32 milk samples, twice in 20 soil
samples. An attempt at selective cultivation in potassium
tellurite culture media gave no better results.

These Observations agree with those of other authors.
Potel, who worked with autopsy material, was able to determine
Listeria in the original culture; but after the bouillon trans-
fer it was impossible to culture these pathogenic agents due to
their overgrowth with E. goli. At our Institute, Fischer, who
studied their endemic appearence in Bremen, was able to obtain
pure Listeria cultures from 1l cerviocal smears, but in the pre-
sence of E. ¢oll, Listeria could be isolated only onoce.




To obtain a better culture yleld, Gray, Stafseth, Thorp,
Sholl and Riley recommended Listeria culture under refrigera-
tion at 2-4°C, a method recommended by many authors, according
to Seeliger. However, both Seeliger and Potel have warned that
1f the test samples are badly contaminated, E. colil, Proteus
and other saprophytes will also multiply in the refrigecracor.
Fische. was unable to get an improved yield under refrigeration
from 50 contaminated cervical smears, even after trying enrich-
ment, according to Gray and others. Potel remarks that E. coli
will overgrow Listeria particularly in milk samples. He be-
lieves it impossible to prove the absence of Listeria from milk
by either refrigerator storage or tellurite addition. Thus
Potel was able to cultivate Listerla from milk of a cow with
mastitis only once and never again. A peasant woman who drank
this same milk unboiled had delivered Listeria-infected twins.
Kampelmacher and van Noorle Jansen were able to isolate 475
Listeria strains from humans and animals between the years
1956-60. The elimination of the pathogenic agent in cow's milk
could be determined in only one case.

I. Attempts at Cultivation in the Cold

Considering the above, can cold culture achieve any
Listeria enrichment at all? To answer this question, I com-
pared milk, soil, sand and bouillon cultures inoculated with
Listeria and E. coll and left to incubate either at room temper-
ature or in the refrigerator. This was suggested by our obser-
vation that certain milk samples in which Listeria growth had
initially been inhibited by E. ¢coll yielded once more & large
amount of Listeria after having been left to stand for many
weeks at room temperature in the laboratory.

1. Milk Tests

Forty sterile milk samples were inoculated with Listeria
and coli bacilli, at the rate of 10,000 bodies each. Twenty
were stored at room temperature, the other 20 in the refriger-
ator, and examined for comparison. The tubes kept at room tem-
perature were exposed to daylight during the test. At various
intervals, usually a week, a wire loop-full of the material was
smeared on a slide treated with 5% ram blood, the developed
cultures were counted, the suspect cultures further processed
for subcultures and identified under the microscope. After in-
oculation,one half of the milk samples was at once returned to
the refrigerator or stored at room temperature, the other half
was incubated for 24 hours at 37°C, then treated in the same
manner. Results obtained from these tests appear in Tables 2a,
2b, 3a and 3b.




Table 2a

.Microbial Body Count of Mixed Cultures in Milk After
Refrigeretor Storage Without Prior Incubation
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Table 2b

Microbial Body Count of Mixed Cultures in Milk at Room -
rature Without Prior Incubation
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Table 3a

Microbial Body Count of Mixed Cultures in Milk After
Refrigerator Storage, Milk Incubated at Start of Test for
24 Hours at 37°C

(8. coli and L. monocytogenes)
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1 -- Taken from tube no.; 2 -- Day; 3 -- Number of colonies;
b -- colonies.

Table 3b

Microbial Body Count of Mixed Cultures in Milk at Room
Temperature, Milk Incubatid at Start of Test at 37°C for
24 Hours

(B. coli and L. monocytogepes)

(3) Anaahl dee Kolonion

( 1) Ent. 2 2
b 1.7 25.7eg B.Teg'  5.Ted2) 53.7Teg - u’rﬁ,)
Probsa- E. E. E. . .

Nr, ool 1det- oolj List. oolj Ldet- ofll Liat. eﬁ List. oﬁn Lim.
1 e o4 e o+ + + 4o e ++ \ gy w4
2 Laasdl 7Y Raas JEE S Lo 2 + e + - 38 ++ee
3 *e+ 0 ++ 48 Lo o R ++ e 03 +oe 0
4 -+ 38 e 0 *e O -"r 4 +* * + *
[ Lo a NS e O - + 50 60 8 s 0 +o¢e
[ ] " . Raas BN 4 Raa s S +++ B8 *+ + ] *
[ e 0 e 0 44+ 0 0 Ras s S 1) + e
8 44+ O 444 0 e » 4 84 - + [/ Y
9 4+ 0 -+ 0 e 0 - + 4 e 6 ++4e

10 " 0 +ee @ +++ Q0 tees g e g - g

* = 100-800, ++ = 500-1000, +++ = 1000-5000, ++*+ = > 5000 Kolonien. (4)
1 ~- Taken from tube no.; 2 -- Day; 3 -- Number of colonies;
& ~= Colonies.

- A




e e — . ———

It may be seen from these tables that milk culture in the
cold will yleld rare positive results even after as long as
nine weeks. E. coli will show continuous rich growth while
only a few Listerla colonies can be seen. In the great major-
ity of tubes, Listeria growth has been completely inhibited by
the coli bacilli. However, if milk is incubated at room tem-
perature for a long time, gradual distinct enrichment with
Listeria and simultaneous E. coli reduction may be obtained.
Prior incubation of the milk at 37°C proved somewhat more ad-
vantageous, for following such treatment increased to over 1000
and up to 5000 after only 7-8 weeks in some of the samples, a
result obtained only after 9 weeks at room temperature without
prior incubation at 37°C. The so obtained Listeria were found
to survive for many months.

2. Tests with Soil and Sand Samples

Twenty tubes were filled with 5 ml sand or soil each and
treated with 0.5 ml of a suspension containing 50,000 microbilal
Listeria bhodies and 50,000 coli bacilli. Ten tubes were placed
in the refrigerator, 10 kept at room temperature. Procedure
was the same as before.

In the 3011 and sand tests, results were the same for room
and cold temperatures, i.e., neither method ylelded any true
enrichment. Even after many weeks, the coll bacilli grew well,
Listeria poorly. Their detemmination in the culture, attempted
at various intervals, gave varying, positive or negative results.
Table 4 illustrates this on 10 samples.

3. Bouillon Cultures

Eighty tubes containing 1% dextrose bouillon were inocu-
lated with 20,000 Listeria and 20,000 coll bodies and incubated
at 37°C for 2 nours. Followin seeding, Listeria could be
cultured anew in no more than 1 of the samples. For purposes
of comparison, 40 such samples were kept at room temperature,
another 40 under refrigeration. Slight enrichment was observed
during the following weeks in the refrigerated samples. After
7 weeks, half of the samples gave poOsitive results, although
the number of newly developed colonies in the culture which had
earlier been completely overgrown by the coll bacilli was
rather low. Table 5 shows 10 samplea. Longer ¢0ld storage daid
not improve results.

No comparison between room and cold cultures was possible,
for the culture medium of the 40 room temperature cultures had
become exhausted after 4 weeks' storage for both coli and
Listeria, so that most of the subcultures failed to grow.
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Table 4

Microbial Body Count of Mixed Cultures in Soil and Sand
{_. coli and L. monocytogenes)
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Table 5

Microbial Body Count of Mixed Cultures in Bouillon After
Refrigerated Storage

(E. colil and L. monocytogenes)
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Result of Cultures Kept in the Cold and at
Room Tempera ture

Culture in the cold of 1% dextrose bouillon cultures in-
fected with a mixture of E. coli and Listeria yields a limited
enrichtment of Listeria. However, for milk, sand and soil sam-
ples, cold culture has no practical importance; in only rare
cages even after many weeks is it possible to cultivate Listeris
and even in such cases Listeria growth has been suppressed by
E. coll to an extent as to result in mostly isolated Listeria
colonies. In contrast, milk kept at room temperature for a num-
ber of weeks will show distinct reduction of coli bacilli and
a simultaneous considerable increase of the more resistant
Listeria from which pure cultures could be obtained in several
cases and which kept for months.

II. Serum Bactericides

Another disadvantage of methods of enrichment for Listeria
in both refrigerator and at room temperature for the diagnosis
of this disease is the long duration of the investigation. For
this reason I tried another route for Listeria isolation, i.e.,
selection of Listeria with gram-negative bodies with the use of
the serum bactericidal factor.

It has been known since the studies by Buchner and his
collaporators that normal serum of humans and many animals spe-~
cles has an in vitro inhibitory effect on the growth of bacteria.
The bactericidal effect is reduced by light, aging of the sera
or their inactivation at 56°C. While gram-positive bacterial
species &re in general highly resistant to the bactericidal
power of serum, gram-negative bacteria are particularly sensi-
tive to serum bactericides (Buchner, Nissen, Schou, Schallert,
Milller, Vacirca, Warnecke, etc.).

In my initial investigations on the duration of Listeria
determinability I found that Listeria not only retained their
vitality for months in the sera, but also thrived on fresh
serum.

The test arrangement was simple: & normal loop of the
material under study was added to 1 ml active fresh human serunm.
The inoculated serum samples were incubated at 37°C. After 6
and 24§ hours the content of a normal loop of the incubated sera
was evenly smeared on a slide treated with 5% ram blood, the
slides were kept in the incubator at 37°C for another 2k nours
and the colonies, 1if any, counted. We always found it conven-
ient to have controls for determining the degree of the serumal
bactericidal effect; 1 ml serum was inoculated with a loop-ful
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of Listeria suspension, another ml with the same quantity of
inhibiting bacteria, e.g., E. coli, and these controls were

run through the whole test procedure. If the bactericidal el-
fect was sufficlent the Listeria showed satisfactory growth
while that of the gram-negative bacteria was either completely
inhibited or limited to a degree which permitted only a few
colonles to grow. The same technique was applied for the vari-
ous milk, soil, sand and bouillon culture media.

1. Milk Tests

By this method, Listeria could again be cultivated in
each of 71 milk samples inoculated with Listoria and coll
bacilli, in 61 of which Listeria grow%i had been completely
suppressed by E. coli; this did not de.end on whether the
freshly infected mixed cultures had been kept in the cold or at
room temperature. Table 6 illustrates this on 20 samples,
showing the bactericidal effect after 6 and 24 hours, aging of
the samples and the milk samples spread on slides without se-
rum effect.

Table 6

Selection from the Listeria-Coli Mixture Under the Effect of
Serum Bactericides in a Milk Medium
(Inoculation: 1 Loop-ful of Milk in 1 ml Serum)

— (27 —

Ansahl der Kolonien (4)
() (3)
Alter Auagangsmaterial Serumeinwirkung
der Probsa 6 Has 24 Has
\ E.ooli  List. E.coli List. E.ooli List.
[ 'r.‘.( 5) 4 0 0 52 0 +
o hagad 0 0 5 0 2
w o hagst 0 0 20 0 48
w o 00 0 B 0 40
" o e 0 0 14 Q e
" D00 0 0 8 0 4
19 't.‘.( 5) R aaad [\ 11 + 0 +
" " + 0 5 + 0 +
T hoaad 0 - 14 + 0 *
" o» hoaas 0 1] * [+ +
” o» hasad 0 8 ++ 0 ++
w e it 4 31 ++ 1) ++
" e ‘ 6) R aaa [1] 12 +* 0 +
28 Tage \’*“ 0 28 + 0 +
. oo 0 98 ++ 0 B89
" o s 8 70 8 0 4]
” ” ho0ad o 7 + 0 ++
" o» ot 0 * 2 0 103
w 4 0 32 62 0 +
" . rere 10 * * 22

+ = 100-500, ++ = 500-1000, +++ = 1000-5000, ++** = > 5000 Kolonien. (6)

1l -- Age of samples; 2 -- Number of colonles; 3 -- Starter ma-
terial; 4 -- Serum effect; 5 -- Days; O -- Colonies.




2. 8oil and Sand Samples

The following tests were designed to show whether serum
bactericides would also permit recultivation of Listeria from
8011 and samd samples infected with both Listeria and coli
bacilli. In 40 soil samples which had originally been filled
hto tubes each containing 5 ml, and inoculated with 50,000
microbial bodies of both bacterial species, we had not been
able to obtain Listeria growth in more than one case, due to
overgrowth by E. coli and lack of enrichment. The soil was now
exposed to serum bactericides according to the above test pro-
cedure; we were then able to cultivate Listeria in every case.
Table 7 illustrates this on 10 tests.

Table 7

Selection from the Listeria-Coli Mixture Under the Influence
of Serum Bactericides in Soll
(Inoculation: 1 Loop-ful of Soil in 1 ml Serum)

(1) (3) (B Anaabl der Kolonien (2)
Alter Ausgangsmaterial ) Sorumeinwirkung
der Proben 6 Hrs 24 Mas
E.ooli  List. E. coli List. E. ooli List.
7 T‘C’—( 5) e 1] 75 +++4+ 10
P . e 0 64 e +++ 30
" " hasad 0 Q e e +
w o +444 0 30 ++++ e .
» e L iand o + + Lad +*+
“ +444 0 0 ++4+ +44 +
28 Tage ( 6) +444 0 35 4+ Fevs -
I 44 0 + 44 et 97
" ”» hoaad o 63 “ haad o
T haaad 0 43 4+ hasadiy |

+ = 100-500, +* = 500-1000, +++ == 10003000, ++++ = > 5000 Kolonien, (6)

1 -- Age of samples; 2 -- Number of eolonies; 3 -- Starter ma-
terial; 4 -- Serum effect; 5 -- Days; 6 -= Colonies.

The period for the optimal bactericidal serum effect was
six hours. After 24 nours this effect was apparently exhausted,
for the number of coll bacilli had increased and that of
Listeria diminished.

The 38 sand tests conducted according to the same procedure
showed an analogous behavior (Table 8).

Por sand the optimal serum effeet also lay at six hours.
The test was successful in 36 out of 38 sand samples.
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Table 8

Selection from the Listeria-Coli Mixture Under the Influence
of Serum Bactericides in Sand
(Inoculation: 1 Loop-ful of Sand in 1 ml Serum)

‘3)’ (2) Angahi der Kolonien (4)
(1 Alter Ausgangsmaterial Serumeinwirkung
der Proben 6 Has 24 Has
E.ooli  List. E. coli List. E. coli List.
€ Tage (6) hanad 7 + ++ 78
" » it 0 - + ol -~ i+ 46
Rt 0 38 ++ +++ 80
" o” PO 0 12 L R o o +
[T T} ———r B4 29 PO, ~ o +
” et 0 + + PO 7
v : bt 0 + ++ ++ed
: o o L w
28 Tage { 5) T e 0 49 * e -
" o» " hasad 0 + + + 8

+ = 100-500, ++ = £00-1000, +++ = 1000-5000, ++++ -2 > 5000 Kolonies. (6)

1l -- Age of samples; 2 -- Number of colonles; 3 -- Starter ma-
terial; 4 -- Serum effect; 5 -- Days; 6 == Colonies,

The reason for the optimal, six-hour bactericidal effect
in soil and sand was related to the amount of seeded materisal,
for a full loop-ful had been added per 1 ml serum. According
to our experience with this particular material, this procedure
favored ample multiplication of the Listeria.

3. Boulllon Cultures

According to the origin of the material, e.g., feces,
splenic smears from autopsy material, etc., various gram-nega-
tive bacterial species are particularly apt to suppress
Listeria growth in boulllon passages, e.g., E. c0li, Proteus
and Ps. pyocyanea. Will serum bactericides permit recultiva-
vation of Listeria also in the presence of Proteus and Pseudo-~
monas bacteria, aside from E. coli?

a) Escherichla coli

From 30 dextrose-bouillon cultures infected with a mixture
of microorganisms, a few Listeria could be isolated, after 24
hours' incubation, only in 8 cases. By contrast, after inocu-
lation of a normal loop-ful of the same bouillon cultures in
serum with the bactericidal factor, the Listeria could again be
isolated from all 30 mixed cultures. After six hours of serum

11




effect, coll growth was again considerably inhibited, and
after 24 hours it was even possible in many cases to prepare
the Listeria in pure cultures; as an example, in Table 9 we
show the results obtained with 10 samples. :

Table 9

Selection from Listeria=-Coli Mixture Under Serum-Bactericidal
Bffect in Boulllon Cultures Incubated for 24 Hours
(Seeding: 1 Loop-ful Bouillon in 1 ml Serum)

4\ .
: _ (2) Ansahl der Kolonien (4)
P (1) (3) Avegangamaterial wirkung
! Proben-Nr. : 6 8. (5 24 8d. (B)
' E. ooli List, E. ooli List. B, ooli List.
1 hadad 11 23 ++ 0 b
2 Lasad 0 ++ - 0 e -
3 . 0 8 + 0 Lo
4 - 0 3 0 ++++
'3 L aasld 0 0 +ete 0 tHe
6 e -] Q e [+ IR s a
L] L o 0 0 -~ 4 L aad
8 L an 1} 84 + 3 ++
0  aad 4 ¢ + 0
10 L aaad 0 0 <+ 0 L anl

) ‘-lm.*-m—lm.m-lmw—>6@0m2(6)

T —————— - f e e e

1l -~ Sample no.; 2 =-- Number of colonies; 3 == Starter mate-
rial; 4 -- Serum effect; 5 -- Hours; 6 -- Colonies.

The same satisfactory results could be obtained if the
dextrose-boulllon cultures were inoculated in the norming and
the mixed cultures again inoculated into sera in the aftermoon,
1.e., after 8 hours' incubation at 37°C. After leaving these
sera overnight in the incubator, i.e., after 14 hours' serum
effect, inoculation of the sera on ram-blood slides usually
permitted the obtention of pure Listeria cultures.

b) Proteus vulgaris

From 20 Listeria-Proteus mixed cultures, Listeria could
also be recultivated with the help of serum bactericides. The
optimal bactericidal effect of the serum on P, vulgaris lasted
again six hours, i.e., after this time 1t was possible to ob-
tain pure Listerla culturesin eight cases, after spreading the
serum On the ram-blood slide. In the other 12 samples, the num-
ber of Proteus colonies was s0 low and their ability to nropa-
gate 80 reduced that the numerous Listeria colonles couid
easily be removed for further »Hur: culture. After a 2i~hour
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serum effect, Proteus was again prominent in 16 out of the 20
samples, although Listeria could occasionally be cultivated in
single colonies (example Table 10). ‘

" Taple 10

Selection from Listeria-P. vulgarls Mixture Under Serum-
Bactericidal Effect in Bouillon Cultures Incubated
for 24 Hours
(Seeding: 1 Loop-ful of Bouillon in 1 ml Serum)

(2) Ansanl doe Kolonien

(1) Serumeinwirkung ,
Probe 6 Sd.(4) 24 5. (4)
Proteus Proteus . Proteus ;.
lgari List. vulgaris Liat. lgari “IJI':.
1 haaad 0 0 B 0 +ee
2 —rte 0 10 et -t 0
3 D and 0 0 tret -+ e
4 Lasdsd [1] 0 L and LA o0 0l
5 0001 0 0 4rer - +
.8 e 0 0 L asd e +
7 Lanad o 0 L aasd w +tr
8 e gad (1] 0 >+t 0 o
o e 0 ++ 20 e+ 0
10 et 0 0 444+ e Q
+ = 100-800, ++ = 00-1000, ++* = 1000-5000, ++++ = >>5000 Kolonien. {5)

1l -- Sample; 2 -~ Number of colonies; 3 -- Serum effect; 4 --
Hours; 5 -~ Colonies.

¢) Proteus morganii

Upon processing P. morganii strains the results obtained
in the serum-bactericide tests resembled those obtained with
the P. vulgaris strains. However, in contrast to E. coli and
P. vulgari-, P. morganii was incapable of suppressing Listeria
growth, i.e., it was usually possible to cultivate the Listeria
from the bouillon cultures themselves, without serum effect.

d) Pseudomonas pyocyanea

We tested 35 bouillon cultures in which Listeria growth
had been completely suppressed by Ps. pyogyanea. In the tests
with serum bactericides these microorganisms showed a much
higher resistence, in contrast to E. coli and Proteus. In no
case was it possible to completely inhibit pyocyaneus growth
by serum bactericides. Pyocyaneus growth was considerable
after 6, 14 or 24 hours. However, in 29 out of 35 tests
Listeria could be recultivated, 1f partiy in single colonies
only (Table 11).
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Table 11

Selection from Listeria Ps. pyocyanea Mixturc Under Serum-
Bactericidal Effect from ?ouillon Cultures Incubated for
24 Hours
(Seeding: 1 Loop-ful of Bouilica in 1 ml Serum)

(1) Kei Serumeinwirkung
Proben-Nr. . : 85ud. (4) . P24 Sud.(4)
Pa. . S List.
pyoe, Lot pyoo. 1 pyoo.
1 e 0 4+ e b 2
2 >t 0 b 4 L [
3 St 0 - -+ el 4
4 \oon 0 4+ 52 ot 0
5 L aaes 0 ey 50 haatd 8
[ e 0 L aasd 3 L2 1]
[ e d 0 ++e 2 Bhasad 78
8 “hbe 0 e 0 e 0
) o 0 +++ 0 -t 22
10 e 0 4 + +4+ 0

* = 100-500, ++ = 500-1000, *++ = 1000-5000, ++++ = > 5000 Kolonien. (5) ‘

1 -- Bacterial sample no.; 2 -~ Number of colonies; 3 ~- Serum
effect; 4 -- Hours; 5 -- Colonies.

Results of Bactericidal Tests

The serum bactericides proved highly valuable for isolat-
ing the Listeria from media with mixed gram-negative infection.
Predominant growth of the coli bacilli could usually be con-
siderably restricted or completely suppressed which enabled us
to cultivate Listeria in large quantities or even pure culture.
P. vulgaris growth could also be either completely suppressed
by the serum effect or at least impeded to a degree which made
it possible to isolate the Listeria without difficulties, due
to the low number of Proteus colonlies and depressed ability for
colony formation. However, for this bacterial species the
bactericidal effect of the serum had considerably decreased
arter 24 hours. The Pseudomonas bacteria (Ps. 2¥oczanea)
showed the highest resistance to the bactericidal serum effect,
but did permit recultivation of Listeria in a large part of the
samples, 1f only in single colonies.

Discussion of Results
The Listeria showed high resistance 0 external factors.

They could be easily cultivated for months and years froa vari-
ous media such as soll, sand, milk, tap vuter and sera.
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Desiccation of the material had no effect on their determination.
These results confirm findings by othcr authors on Listeria sup-
vivability (Urbach and Schabinski, "Listcria dried on thread";
Lehnert, "In field soil, dry feces anc straw”; Stenberg, "In 6%
NaCl-1% dextrose bouillon) and extend them to other media.
Cultivation of Listeria from medla infected with pure cultures
was easy; secondary infcction with staphylococcl or sporifarous
specles did not interiere with the determinction. However, the
presence of gram-negative microorganismc in the material under
study rendered Listeria cultivation difficult. The methods for
Listeria enrichment reported up to now, i.e., the use of culture
media containing potassium tellurite (Urbach and Schabinski,
Lehnert) and low temperature culture according to Gray and
others, may oOccasionally be succ:ssful but ¢xert no optimal
selective effect (Urbach and Schabinski, Potel, Seeliger). In
my tests, low-temperature culture achieved only limited enrich-
ment of Listeria in boulllon cultures, but hadé no significant
effect for the milk, soil and sand tests. The colibacillary

flora remained vigorous and suppressed Listeria growth. However,

storage 0f the milk samples at room temperature for many weeks
resulted in significant reduction of coli bacilli and simul-
taneous considerable increase of the resistant Listeria. Culti-
vation in the cold and at room temperature takes very long,
which 18 a disadvantage. Selective cultivation of Listeria by
means Of serum bactericides proved a much better method. It
was usually possible to restrict the growth of coli bacilli and
also Proteus to a degree which afforded large-scale isolation
of Listeria without difficulties. Even in Pseudomonas contami-
nation (Ps. pyocyanea) Listeria could be recultivated from a
large part of the samples.

The growth-inhibiting effect of enterococci in Listeria
was excluded from the scope of this paper. According to our
tests, the growth of these microorganisms could not be inhibited
by tellurite culture media, low-temperature culture nor probably
by serum bacterlcides. However, we consider it advantageous for
the bacteriologic dlagnosis of Listeria to dispose of a method
apt to restrict the proliferative force a number of gram-nega-
tive bacteria.

Summary

Culturing Listeria monocytogenes'’
B. Warnecke

1. Listeria monocytogenes coudd be demonstrated in soil,

milk and serum tested after 1%/, years, in sand tested after 10
months, and in tap water tested after 1 year.

Pos
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2. Cr™th urz 2ls0 obtained fron nullslont wndle nenvas
alfter they hac peen incculated wi.h >0 cuwltuwres. This was
not altered by secondary stapnylococcal or sporogenic infectloa
of the material.

793, Cold-cultur: vas of limited value in getting a take of
Listeriae in coliform-overgrown nutrient nedlz, and of no valu:
in nilic, soll, and sand cultures. Keoping thc milk at room tum-
perature led to a rccuction ol the collform orgzanicms arlter
some weeks, and to pure cultures of Listcriae., Inrichment of
cultures by preservation at room temperature or by keeping then
in the cooling cupboard is very time consuming.

" 4., Rapid and satisfactory selective culture %4s obtained
with the help ol anti-gram negative sext. 3oth coll and preiis.s
colonies were innibited by this means, sO that Listeriae icere
isolated without difficulty. Ps. pyocyarnea showed more resist-
ence to bacterlcidal serux; it was, however, possible to lsolate
the Listeriae from the majority of mixed cuicures.
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