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CULTIVATICO OF LISTERIA MONOCYTOGMENS

By Bernt! Warncke
State Public Health Institute, Bremen
(Director: Prof. Dr. C. van Marwyck)
Dept. of Bacteriology and Serology

Zent. f. Bakt. Oria., Vol 189, 1963, pp 162-177

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 Liateria
culture which is the subject of this paper. We were particu-
larly interested in the following questions:

How long can L. monocytozenes (Listerna) be determined in
the various media? Can higher yield 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 periol.
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 or
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 1I, I1 and IVb at my
disposal.

Table I

Determination Period of L&~t~ s moý in Various

26Eea mTop (9)
* 10 Sd323,
* 21 Swum

1 -Number of samples; 2 -- Culture medium; 3 -- Maximal period
of culture determinability; 4~ -- Soil; 5 -- Sand; 6 -- Milk; 7 -

-Serum; 8 -- Tap water; 9 -- Days.

B. Cultivation Prom Mixed Cultures

Random secondary infection of the media with gram-positive
microorganisms such as staphylococci, j. meetzos or Ifisubtll had no untoward effect on deter TnabiUt._ -The dfi
cu~ltieiiof Listeria, cultivation started when the samples were
contaminated with gram-niegative microorganisms.

Thus Listeris could be determined only in rare cases in
soil or milk contaminated simultaneously with 1. ooll or ~
pyocgne; Only in 7 out Of 32 milk samples, twice 1n 20 soil
samples. An attempt at selective cultivation in potassium
tellunite culture media gave no better results.

* These observations agree with those of other authors.
Potel, who workoed with autopsy material, was able to determine
Listensa in the original culture; but after the bouillon trans-

* fer It was Impossible to culture these pathogenic agents due to
their overgrowth with J1. col. At our Institute, Fischer, who
studied their endemic appearance in Bremen, was able to obtain
pure Listeria cultures from 11 cervical smears, but in the proe-
sence of colt, Listeria could be isolated only once.
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To obtain a better culture yield, Gray, Stafseth, Thorp,
Sholl and Riley recommended Listeria culture under refr•gera3-
tion at 2-4*C, a method recommended by many authors, according
to Seeliger. However, both Seeliger and Potel have warned that
if the test samples are badly contaminated, Z. coli, Proteus
and other saprophytes will also multiply in The r=re.r.
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. celi
will overgrow Listerna 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 Listeria from milk of a cow with
mastitis only once and never again. A peasant woman who drank
this same milk unboiled had delivered Listerna-infected twins.
Kampelmacher and van Noorle Jansen were able to isolate T75
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
Listers and . coli and left to incubate either at room temper-
ature or in the 'rrigerator. This was suggested by our obser-
vation that certain milk samples in which Listeria growth had
initially been inhibited by E. cell yielded once more a 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 coll 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.
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Table 2a

•Microbial Body Count of Mixed Cultures in Milk After
Refrigerator Storage Without Prior Incubation

(L. ol1 and L. mooytoenes)

y 2LTag Tag 3CTa 4LTog(2) &LT -. Tag-

1 0 +0 0 ..t 0 u 6 +++ +
' 4-.4 0 ++++4184•4 44O 444 + 444+3 . 0 +4++ 1 •443• ... + , .o.+ +

"4 + 0 + + 4A445 M 3 04 + 4++-.t. *+

d6 + 00 ... + 1 4•44 9..0 .000 44* O + + + ;a'+'° 6 0• O + "+ 0 ++++ O
7 +++ 1 . 9 0 + 4445+++ 0 * ..8 +3 + + +++ 0 ++"a 0 0. 4++0 0+0

" +#++ 0 +oo+ 0 0 ... 0440 **"" 0 ++4+' 510 •. +4" 0 4 0 0 "++ 0 49' 4

+- 100-am0
, S - a0-N0oo, 0* -ioo.ao 44. >3ooor,,+k.. (4,)

1 -- Taken from tube no.4 2-- Day; 3 -- Number of colonies;
-- Colonies.

Table 2b

Microbial Body Count of Mixed Cultures in Milk at Room
Tauerature Without Prior Incubation

I jo 1M and k. Monocytoseneo)

(2) (3) AMWens 2
.SLTCTag 4(T Bg •2. I) ). Tog

UB Uk &m LL. ILk LI. IuL1  3 LbL

1 4449 44"4 + + + +4 4 4 7 + 4+2 0 40 4 ++ 0 ..9 34 ++ + + ++3 0 4 .40 +.4.4 0 , + 44 0 + 444+4 " 0 : O + 11* +" 2*• so • s +#-+.
j 0 o 31o+5 o is ++ +++..o0 +,.0 .,..o 0 +... 0 ++,+ + + +

7 • 0 +++0 0&00 0 ++* + or/ ++ +

I~ U 44.#+ 20 I ++0 6 . 4 44443 + 44
++4 + +4.++ + ++0+12 ++.4 + ++++ 6 + 4e
4.;1 IS 3 44435 U 35' g •15 044

• -lO •- n-in, *- 10a4moM. +- >NOe0omE .._(4)

1 -- Taken from tube no.t 2 -- Day; 3 -- Number of Colonies
C-- olonies
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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
LE. coli and L. monocytogenes)

(3) An.n dwZ or•nin (2)
=11.LTg}(2) 26. Ta LTag 46. Tg (2) 83.Tag 63.Tic
Prob. Bt. ZE. L"rLJt. F I Ut• J' ILk

N,. cao Go 01i 001i coil coi

I ++-++0 ++4 4+44+7 +++++2 ,~0 .. 0
2 " '+ 10 0 Mom& 0 . . 11 ++ O+ 0 + ,.. 0
2 4+++ + + 8 +++ 8 ...17 .... 2 ... 0
4 ++++ 0 0 ... 0 *.. 0 ... 0 ... 3

."' 0 "÷+0 .' 10. +404 0 H14 0 ".. 0
* .. 40 35 +++ * ++4+3 28 .. 0 ...+ 0

7 "+'+ 0 .... 0 ++ + ÷÷+÷ 8 .. • 3 a 0
8 '" 0 ..+ 10 ... 0 ... 0 .... 0 +'+ " 4

+ *+" 0 .. + 0 4+ + ++÷. 4 Hsi 1 M" 0
10 ..++ 0 .... 0 0 ++ 0 0 ... G

+ - 100-.00, 8, - 00-1000, ++. 1000-8000, +.. - >8000 Koien. (4)

1 -- Taken from tube no.4 2 -- Day; 3 -- Number of colonies;

-- Colonies.

Table 3b

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

24 Hours
LE. pol. and L. monocvtozenes)

(1) ~(3 A.M~4 dw ")s~ mi.s (2)
E h 1 . ) 2 Tag 3 L Tag 48.T J ) 6LT .g 63 .aU

Lid.. ." . \

++++ + 4+4+ + 4+ + ++ + + 36
2 ++++ 20 + 0 4+ + 4 0 4 + ++ 3+3 ++0+ 0 + 0+ 8 +" + ++ ++ 6 "+ 0 ÷+4 +" 36 04+ 0'' .. +++ + 4+ ++
5 +++ + ''0 4++ 8080 8 +++k 0~++*

* 44 + 44 + 4++ + 4+45 + + 8 +
7 0 .• 0 . 0 ++ 0 .. 0 ++++ 0 + ++8 +++ 0 0 +++ + !!A 84 ++ +: 72 ++
* ~"* 0 "~0 .. 0 4+ + 4 44+ 64++410 ... 0 .. *+0 .. 0 +...4 4+++

+ - 100-W. -80-1000 000-6000, 0 "W. >&oo0o0imis,. (4)
-- Taken from tube no. 2 -- oDay; 3 - Number of colonies;

Colonies.



it may be seen from these tables that milk culture in the
cold will yield rare positive results even after as long as
nine weeks. E. eoli will show continuous rich growth while
only a few Li7stei-a'colonies can be seen. In the great major-
ity of tubes, Listeria growth has been completely inhibited by
the coll bacilli. However, if milk is incubated at room tem-
perature for a long time, gradual distinct enrichment with
Listeria and simultaneous J. coli reduction may be obtained.
Prior incubation of the milk Wa--70C 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 microbial
Listeria bodies 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 soil and sand tests, results were the same for room
and cold temperatures, i.e., neither method yielded any true
enrichment. Even after many weeks, the cell bacilli grew well,
Listeria poorly. Their determination 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 coli bodies and incubated
at 37*C for 24 hours. Following seeding, Listeria could be
cultured anew in no more than 1/3 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 positive results, although
the number of newly developed colonies in the culture which had
earlier been completely overgrown by the celi bacilli was
rather low. Table 5 shows 10 samples. Longer cold storage did
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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I | I I I I : I I .I.. .... I-! ... ... ..... ,

Table

Microbial Body Count of Mixed Cultures in Soil and Sand
T-E. coli and L. monocytogenes)

(~~Entnajwie(3) An=W dwKaolmin()()
S"-)

Neimn$ . g 31. Tag 3. Tgz 42. Tag
Fsena-14r. & coi IH U .]Lo L t E. Goa List. XOU ail t

(4) Kid.
1 0 +4. 0 .4.. 36 4... 0

0 44 0 ++.+ 0 ++++ 3
3 +++ 0 0 0 4+++ I ++1 0
4 0 +' 0 0 ' 0 ' 69
5 6 0 . ' 0 ... 0 4.i 0

* ÷"'a . " 19 4.+ + ++'4 10 +..+ 0
7 ib.+m 9 4... w5 ++ 0 ... 2

_ _ ++ +++ ..- . is ... (6
10 0 3 0 ++++ 0 0

+ 100..0 ++ - S0-1000, 4-. I000-00, - >W00 iwmim. (6)

1 -- Removed from tube no.; 2 -- Number of colonies; 3 -- Day;
4 -- Soil; 5-- Sand; 6 -- Colonies.

Table 5

Microbial Body Count of Mixed Cultures in Bouillon After
Refrigerated Storage

(E. coli and L. monocytoxenes)

(1)(3) An.uMah, nim (2)
)AU"aMe (2)' IT )im.s L "---ITag 2. 4o

I L . o U S ", sodi Lisr . R. woi st. Z. w-ou List.

1 +++ 0 4 41 4.++ 39 .44 58
2 "4'++. 0 H. . 0 ... 0 " 0
3 4*+ 11 . 34 .... 8 5 30
4 4 0 .+.+ 0 4.** 0 . 7

4+4. + 4.4... + 44 ++ 0 4+ +
6 *'+ 0 *+'• 0 *** 0 '+ 15

7 +... 0 .... 0 + 0 ÷ 0
8 .. 9 +*++ 0 4.+ 20 ... 40
9 0 0 + 0 ++++ 0 .*.. 0

10 .... 0 ++++ 0 0,., 0

-- 100-400, +- 600-1000, *.: 100O-6000, .*I": - >O000 Kokomim.(41

1 -- Removed from tube no.; 2 -- Number of colonies; 3 -- Day;
4 -- Colonies.
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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
enrichment of Listeria. However, for milk, sand and soil sam-
ples, cold culture has no practical importance; in only rare
cases even after many weeks is it possible to cultivate Listeria
and even in such cases Listeria growth has been suppressed by
X. coli 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
collaborators that normal serum of humans and many animals spe-
cies 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 are in general highly resistant to the bactericidal
power of serum, gram-negative bacteria are particularly sensi-
tive to serum bactericides (Buchner, Nissen, Schou, Schallert,
Miller, 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: a normal loop of the
material under study was added to 1 ml active fresh human serum.
The inoculated serum samples were incubated at 370C. 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 24 hours
and the colonies, if 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 e,-
feet was sufficient the Listeria showed satisfactory growth
while that of the gram-negative bacteria was either completely
inhibited or limited to a degree which penmitted only a few
colonies to grow. The same technique was applied for the vari-
ous milk, soil, sand and bouillon culture media.

1. Milk Tests

By this method, Listerna could again be cultivated in
each of 71 milk samples inoculated with Listarla and coli
bacilli, In 61 of which Listerna growti had been completely
suppressed by E. coli; this did not dei.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-Coll Mixture Under the Effect of
Serum Bactericides in a Milk Medium

(Inoculation: 1 Loop-ful of Milk in 1 ml Serum)

(3) Anashi dir Kolonion ()
(1) ~tir AuqmpamaterWa Berumelnwirkung

der Probe 6 Nas 24 HRs
" " F oH Lst. E. 00i List F 0li Lit.

76 T, 0 0 52 0 +
+ 0 0 53 0 20
+4+4 0 0 29 0 45
S0 3 ++ 0 40
S0 0 14 0 +.+

19~()~0 0 8 0 4
1;T;.e ... 0 1 + 0 +

+ 0 5 + 0 +
" 0 14 + 0 +

S* + 0 0 * 0 +

S0 8 0 ++
4431 4 31 +÷ 0 ++

12 + 0 +
;T6500 28 + 0 +

0 28 ++ 0 89
8'+ 8 70 8 0 41

*4+ 0 7 + 0 ++
0 ++ 22 0 103

nfl + +++ 0 32 62 0 +
S+.... 10 + + 32 H1

1 - 100400, ÷- 500-1000, + - 10004000. ++ - >000 XoloDi-. (6)
1 -- Age of samples; 2 -- Number of colonies; 3 -- Starter ma-

terial; 4 -- Serum effect; 5 -- Dayz; o-- Colonlea.
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2. Soil and Sand Samples

The following tests were designed to show whether serum
bactericides would also permit recultivation of Listeria from
soil and samd samples infected with both Listeria and coli
bacilli. In 40 soil samples which had originally been filled
khto 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 Soil

(Inoculation: 1 Loop-ful of Soil in 1 ml Serum)

dw Proben 6 HaS 24 Has
EX l00 ist. ZcliLiat. E.8ILi Li"

7TaP(6) T+a+ 0 76 '++ .... 10
0 ,, 6+4+ 0 04 +++ .+. 30
0 0 ++++ +++ +

0 30 a4I + +++ +

+4. 0 + + +4 ++

0 0 4.+4.+ ++ +
2U~s() 4++ 0 25 ++++ +++ +

,. ,. + 0 + +++ +++ 37
,.... 44+4 0 83 64 ... 0

0 43 .+ +.++ 4

+ - 100-M00, 4 600-1000, ++4+ 1000-4000, +++* - > a000 Kjoim. (6)

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

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

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

For sand the optimal serum effect 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)

1)) Alter de oln (4)

Au%-WmWW 6 Serumeinwirkung
d•lrPobon His 24 HOS

E. 00i List, . col List. I. co0i Lit.

6Tag(6) M 7 + ++ ++ 7S
4+++ 0 + "++-. ++++ 46

94+ 0 38 ++ ++ 69
S0 12 + a• M 4 +- 4
... .944 4 29 +++ '-+41+ +

*, *, 44+4 0 + + 4+4 7
++4 0 + +4+÷ 0

+' 0 12 +
" Ts.(5) ++÷+ 0 49 ++ +

++++ 0 + + +÷ 83

+- 10 00M, ++ - 00-I1000, +++ - 1000-8000, >.+++* •- oo Kowicem. (6)

1 -- Age of samples; 2 -- Number of colonies; 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 material,
for a full loop-ful had been added per I ml serum. According
to our experience with this particular material, this procedure
favored ample multiplication of the Listeria.

3. Bouillon 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 bouillon passages, e.g., E. col_ , 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. co0i?

a) Escherichia coil

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
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effect, coil 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
Effect in Bouillon Cultures Incubated foz- 24 Hours

(Seeding: 1 Loop-ful Bouillon in 1 ml Serum)

'(4

-(2) A"aumon (4)

Pumn.N9. 6std. (51 b4 (5)
ILWH IL fLo. LtL oH IAstL

1 11 23 ++ 0 +4
2 .4 0 ++ 4+ 0 '+++

3 4+4 0 8 + 0 +"
4 ... 0 3 +++ 0
5 ... 0 04++ 0
68 0+++ 0 +0+0
7 "++ 0 0 ++ 4 4+ '
8 +.+4 0 84 + 3 +
* 4 4 6 ++ 0 +

10 - 0 0 .. 0 4++

+ -. "00.-o0o, + 1000-o000, "+ - > 600 Koosio•. (6)

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

The same satisfactory results could be obtained if the
dextrose-bouillon cultures were inoculated in the norming and
the mixed cultures again inoculated into sera in the afternoon,
i.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. vulganrs lasted
again six hours, i.e., after this time it wa's possible to ob-
tain pure Listeria culturesin eight cases, after spreading the
serum on the ram-blood slide. In the other 12 samples, the num-
ber of Proteus colonies was so low and their ability to propa-
gate so reduced that the numerous Listeria colonies cozild
easily be removed for furthor "•u•ý. culture. After a 24-hour

12
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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).

Table 10

Selection from Listeria-P. vulgaris Mixture Under Serum-
Bactericidal Effect in Bouillon Cultures Incubated

for 24 Hours
(Seeding: 1 Loop-ful of Bouillon in 1 ml Serum)

Serumeinwirkung
probe6 Std.(14 ) 24 Std.(4)

Proteus ULProteus :;' Proteus it
IU~r vtgri List..

1 k4*4+ 0 0 ÷+÷ 0 ++*"
2 +.++÷ 0 10 .... ...÷ 0
3 ... 0 0 ..+. .. +4+
4 44+4 0 0 +...+ +* 41

5 +++4 0 0 ... 4+ +4
7 .... 0 0 .... 80 ++

8 ... 0 0 ... 0 +++
9 + 0 + 20 + 0

10 +..+ 0 0 ..+44 +++ 0

+ - 100-M00, + 600-1000, "- 1000-000, ++ - >800 Kolosion. (5)
1 -- Sample; 2 -- Number of colonies; 3 -- Serum effect; 4 --

Hours; 5 -- Colonies.

c) Proteus morganii

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

d) Pseudomonas Dyocyanea

We tested 35 bouillon cultures in which Listeria growth
had been completely suppressed by Ps. pyocyanea. 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, if partly in single colonies
only (Table 11).
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Table 11

Selection from Listeria Ps. pyocyanea Mixture Under Serum-
Bactericidal Effect from Bouillon Cultures Incubated for

24 Hours
(Seeding: 1 Loop-ful of Bouilio.' in I ml Serum)

€•(2 ) A ..m , de K a mono ( 3)
t Seiumoluwirkung

Pfoben-Nt. 6 Std. 4) 24 SM.( 4 )Pa. U,,@• Pa. Lit. Pa." UL~
pyMO. pyoM. Pyo.

1 4+++ 0 .+ ++* .. .. 2
2 +4+4 0 .. 4 ...+ 93 ++÷ 0 + ++ +4 0
4 \++++ 0 ... 2 +.. 0
5 + 0 +++ 580 . 6
6 + " 0 ..+. 5 $++ 0
7 ... 0 ++++ 2 +.+--' 78
8 "++ 0 + "0 ÷++ 09 ++ 0 +++ 0 .. 22

10 +.-+++ 0 4 + 0

+- 100400, ++ 600-1000, +++ -- 100---00, ++--- - >am 00-Ko•o•im (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 usto 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 colonies and depressed ability for
colony formation. However, for this bacterial species the
bactericidal effect of the serum had considerably decreased
after 24 hours. The Pseudomonas bacteria (Ps. yocyanea)
showed the highest resistance to the bactericidal serum erfect,
but did permit reoultivation of Listeria in a large part of the
samples, if only in single colonies.

Discussion or Results

The Listeria showed high reListanco to extarnal factors.
They could be easily cultivated for months and years from vari-ous media such as soil, sand, milk, tap wuter and sera.
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Desiccation of the material had no effect on their determination.
These results confirm findings by other authors on Listeria sur-
vivability (Urbach and Schabinski, "Liztcarla dried on thread";
Lehnert, "In field soil, dry feces and ;traw"'; Stenberg, "In 6%
NaCl-l% dextrose bouillon) and extend them to other media.
Cultivation of Listeria from media infected with pure cultures
was easy; secondary infection with staphylococci or sporiferous
species did not interfere with the determin;.tion. However, the
presence of gram-negative microorganisýms 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 occasionally be successful but exert no optimal
selective effect (Urbach and Schabinski, Potel, Seeliger). In
my tests, low-temperature culture achieved only limited enrich-
ment of Listeria in bouillon cultures, but had no significant
effect for the milk, soil and sand tests. The colibacillary
flora remained vigorous and suppressed Listeria growth. However,
storage of 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 is 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 bactericides. However, we consider it advantageous for
the bacteriologic diagnosis 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 coud--be demonstrated in soil,
milk and serum tested after 13/4 years, in sand tested after 10
months, and in tap water tested after 1 year.

15



2. '-: h -.. al:,o obtained fi0.o.%...-.• •.c:- - ::d a m n h
after they hd< been inozulated w-_h p_.' . This Wz

not altered by secondary staphylococcal or cporogeniz Infect.o)
Of the material.

*-3. Cold-cultura was of limited value in getting a take of
-isteriae in collifox-m-overgrown nutrie.nt mid-la, anc of no va!a,
in milk, soil, and san.d cultures. Kepllng thc railkc at room tvi-
paratura led to a rccuction o1 the colifo-'m og--animras aftor
some weeks, and to pure cultures of Li3tcr•ae. Znrichaent of
cultures by preservation at room temperature o2 by keeping to-.ara
in the cooling cupboard is very time consuming.

4. Rapid and satisfactory selective culture is obtained
with the help of anti-gram negative Ee:z.. Both coll and prCt.J
colonies were inhibited by this means, so that Listeriae ;:&'e

isolated without difficulty. Ps. .yocyanea showed more resist-
ance to bactericidal serzua; it was, hootev.r, porz'.ble to isolate
the Listeriae from the majority of mixed cultures.
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