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Listeria monocytogenes has a wide range of sus-
ceptible hosts. It has been isolated from numerous
cases of listeriosis in sheep, cattle, hogs, chickens,
and man (Hull, 1955). The disease occurs as a
generalized septicemia, meningitis, and meningo-
encephalitis.

Several investigators have attempted to im-
munize animals against L. monocytogenes. Julia-
nelle and Pons (1939) demonstrated that animals
which recovered from a conjunctivitis due to this
organism were refractile to subsequent conjunc-
tival exposure, but were not immuine to other
routes of challenge. Their results also indicated
that antiserum of high titer to Listeria did not
confer any passive protection. Graham et al.
(1940) were unable to find any increase in re-
sistance to challenge in rabbits, chickens, guinea
pigs, or sheep after immunization with formalin-
ized suspensions of cells. Similar results were
obtained using suspensions of viable Listeria.
Likewise these workers were unable to demon-
strate any protective ability of high titered
antiserum to Listeria.
Our attempts to immunize mice with heat killed

or formalinized suspensions of Listeria were also
unsuccessful. Osebold and Sawyer (1957), how-
ever, reported that mice receiving sublethal doses
of living virulent organisms subcutaneously were
immune when subsequently challenged with a
comparatively large number of virulent bacteria.
Our investigation which was started independ-
ently before the aforementioned results were
in print are confirmatory. In addition this report
presents the results obtained with two routes of
immunization, and several routes of challenge.

MATERIALS AND METHODS

The mice used in this study were an inbred
Swiss white strain from a colony maintained
in our department.
The strain of L. monocytogenes employed was
' Present address: Laboratory of Infectious

Diseases, National Institute of Allergy and Infec-
tious Diseases, Bethesda 14, Maryland.

one isolated in this laboratory, from a case of
human listeriosis. The organism was cultivated
on 5 per cent sheep's blood, beef infusion agar
slants for 24 hr at 37 C. Growth from the slants
was suspended in sterile 0.9 per cent physiological
saline and diluted to a turbidity approximating
that of a no. 3 MacFarlane nephelometer tube.
Logarithmic dilutions, in sterile saline, using a
separate, sterile pipette for each dilution, were
then made from this suspension. To determine
more accurately the number of viable cells
present, duplicate pour plates, employing
trypticase soy agar, were utilized. Experience in-
dicated that reproducible results were con-
sistently obtained by this procedure.

Virulence studies on L. monocytogenes indi-
cated that a suspension of 2 X 102 to 5 X 102
cells was not lethal to mice. The immunization
procedure consisted of injecting 0.1 ml of a sub-
lethal dose of Listeria either intraabdominally
or subcutaneously. Approximately 10 to 14 days
later the mice being immunized were adminis-
tered the next lower logarithmic dilution by the
same route of inoculation. Ten days after the
second immunizing dose the test animals were
challenged. Nonimmune mice of the same age (8
weeks) were used as controls. Groups of 3 to 6
mice were used for each dilution of the organism.
Death resulted in 1 to 7 days after challenge. Cul-
tures from various tissues and organs showed that
the animals died of generalized listeriosis.

RESULTS AND DISCUSSION

The results obtained from either intraab-
dominal or subcutaneous immunization with sub-
lethal doses of L. monocytogenes are presented in
tables 1 to 4.
As can be seen in table 1 an immunity exists

with the magnitude of at least 1000-fold in mice
immunized by the intraabdominal route, fol-
lowed by intraabdominal challenge. Mice im-
munized intraabdominally and subsequently re-
ceiving 0.1 ml of virulent Listeria intravenously
demonstrated approximately a 100-fold increase
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in acquired resistance over the normal controls
(table 2). Table 2 also presents the results ob-
tained following intranasal instillation of 0.05 ml
of the suspension to animals under light ether
anesthesia. Results from intraabdominally im-
munized mice and controls injected intracere-
brally are illustrated in table 3. The data shows
that L. monocytogenes is extremely virulent when
administered by this route.
The results of subcutaneous immunization are

shown in table 4. Immunized animals injected
intraabdominally displayed a considerably in-

TABLE 1
Intraabdominal immunization followed by

intraaabdominal challenge
Approximate Number of Organisms

Mice Injected

6 X 106 6 X l05 6 X 104 6 X 108 6 Xl02

Immune 0/6* 0/6 0/6 t
Normal 6/6 5/6 5/6 1/6

* Number of mice dead/number of mice inocu-
lated.

t - = This dilution not done.

TABLE 2
Intraabdominal immunization followed by intravenous or intranasal challenge

Approximate Number of Organisms Injected
Route of Challenge Mice

6 X 106 6 X 105 6 X 104 6 X 10' 6 X 102

Intravenous Immune 6/6* 4/6 0/6 t -
Normal _ 6/6 6/6 5/6 0/6

Intranasal Immune 4/6 5/6 2/6 0/6 -
Normal 6/6 6/6 6/6 1/6

* Number dead/number inoculated.
t - = This dilution not done.

creased protection over the nonimmune group, TABLE 3
whereas by intravenous challenge a greater than Intraabdominal immunization followed by
10-fold protection was present. intracerebral challenge

Circulating antibodies could not be detected in
serum from immune mice by agglutination, Approximate Number of Organismsserum ~~~~~~~~~~~~~~~~~~~~~~~~~Injected
precipitation, complement fixation, or by passive Mice
immunization of normal animals. 800 80 8 0.8
Immunity to L. monocytogenes, as evidenced Immune 4/4* 4/4 1/3 0/3

by these results, is quite unique in that a rela- Normal 3/3 4/4 3/3 1/3
tively high level of acquired resistance is ob-
served, without the presence of a demonstrable * Number dead/number inoculated.

TABLE 4
Subcutaneous immunization followed by intraabdominal or intravenous challenge

Approximate Number of Organisms Injected
Route of Challenge Mice

6 X 106 6 X 105 6 X 104 6X lo1 6 X 102

Intraabdominal Immune 0/6* 0/6 0/6 -t -
Normal 6/6 4/6 0/6 0/6

Intravenous Immune 6/6 5/6 3/6 0/6 -
Normal 6/6 6/6 6/6 0/6

* Number of mice dead/number of mice challenge
t -= This dilution not done.

antibody. The studies of Julianelle and Pons
(1939), Graham et al. (1940), and Osebold and
Sawyer (1957) illustrate that a high titered anti-
serum against Listeria has little or no protective

ability. This evidence is highly suggestive that
circulating antibodies are not responsible for im-
munity in mice to listeriosis.

This investigation illustrates that immuniza-
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tion with this organism can be accomplished, but
it must also be recognized that the level of im-
munity varies with the route of challenge.

Studies on attempts to immunize animals with
pasteurized infected organs and saline extracts
of these organs are now in progress. Other inves-
tigation includes in vitro phagocytosis, and the
passive effect of whole blood from immune mice.

SUMMARY

Active immunization of Swiss white mice
against listeriosis with sublethal numbers of viru-
lent Listeria monocytogenes has been demon-
strated. The level of immunity varies with the
route of challenge. Immune animals are most
resistant to the organism given by intraabdomi-
nal administration, and least resistant to intra-
cerebral infection.

Circulating antibodies could not be observed
in the serum from immune donor mice by agglu-
tination, precipitation, and complement fixation
technique nor by passive transfer.
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