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Frontispiece

A seven-day-old culture of spleen.
Stained with hematoxylin-eosin.
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ABSTRACT

The study of tissue in vitro inoculated with Listeria monocy-

togenes was undertaken because of an apparent difference in tissue
reaction resulting from infection with this organism. Tissue cultures
provided a medium whereby the development of the lesion could be
observed under controlled conditions.

Explants of spleen were placed in plasma clots, inoculated

with L. monocytogenes and sealed in depression culture slides ac-

cording to the method of Maximow. The bacterial suspension was
made to match the 0.5 tube of the McFarland nepholometer when
compared in a photelometer. Approximately 0.01 ml of this sus-
pension was placed in each tissue culture. Control cultures were
treated in a similar manner, omitting the bacteria. Medium 199 was
the fluid used throughout this study.

Observations of living tissue cultures revealed that the growth

of the tissue was not inhibited by the presence of L. monocytogenes.

In all inoculated tissue cultures the bacteria were always motile
when observed under the microscope.
When inoculated tissue cultures were placed in artificial

bacteriological medium, growth of L. monocytogenes did not occur
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unless the tissue cultures were refrigerated at 4°C for several
days.

The study of stained serial sections of inoculated tissue cul-
tures disclosed what appeared to be a proliferation of the vascular
endothelium. The reaction began as early as 24 hours after inocu-
lation and was characterized by the presence of two layers of epi-
thelioid cells surrounding a vessel. The affected area increased
in size over a six-day period. The pathological change was classi-
fied as a granulomatous inflammatory reaction. None of the uninoc-
ulated control cultures exhibited this reaction.

Further studies must be done to determine if the granuloma-

tous reaction was specific for L. monocytogenes or if it was produced

as a result of a nonspecific irritant.
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INTRODUCTION

The behavior of living tissue cells in the presence of bacteria
has always concerned the scientist. Maximow (1924) stated: ''the
interrelations between tissue elements and pathogenic micro-organ-
isms constitute a problem which can be successfully attacked with
the aid of tissue culture.'' The use of tissue culture to study the

behavior of Listeria monocytogenes was undertaken in the hope of

carefully controlling the reaction of the cells to this organism. The
tissue culture system is free from many uncontrollable factors so
often present in animal experimentation.

Since Murray, Webb, and Swann (1926) first described L. mono-
cytogenes as the causative agent of listeriosis, the disease has been
found to have world-wide distribution in domestic and wild animals.

This organism is a gram-positive rod and has been confused with

other microorganisms such as those of the genus Corynebacterium.
It has been discarded as a contaminant, or completely overlooked

in many diagnostic laboratories since many workers have reported

difficulty in isolating L. monocytogenes and are quite unfamiliar with
the characteristics. Gray et al. (1948) described a method whereby

maceration of the tissue was followed by refrigeration and this



increased the probability of isolating the organism. This has been
confirmed by many workers. Perhaps because of the confusion in
identification and difficulty in isolation, the occurrence of L. mono-
cytogenes in man has been somewhat overlooked. Very recent work
in Germany indicates the possibility of a much higher incidence in
man than previously reported. The microorganism has been isolated
from twenty-seven species of animals and there are indications that
the list of susceptible hosts will increase (Murray, 1955). The oc-
currence of listeric outbreaks in domestic animals may be associated

with the incidence of this organism in wild animals

In addition to wide host susceptibility, I.. monocytogenes man-

ifests itself in different hosts in a variety of ways. For example,

the fact that I.. monocytogenes causes a severe monocytosis in rab-

bits but not in cattle, is in no way connected with a difference in

strain. L. monocytogenes infection in goats, cattle, and sheep pro-

duces encephalitis and the organism can be isolated from the medulla
oblongata. Brains of infected sheep have purulent lesions while those
of cattle do not. Inoculated laboratory rabbits usually show gener-
alized infection and exhibit focal necrosis of the liver and spleen.

I1.. monocytogenes often has been associated with infectious

mononucleosis. The organism has been isolated from the blood of



individuals suffering from infectious mononucleosis by Nyfeldt (1929),
Schmidt and Nyfeldt (1938), Pons and Julianelle (1939), and Webb
(1943). However, this organism has never produced sheep erythro-
cyte agglutinins in the rabbit (Girard and Murray, 1951).

Abortions due to L. monocytogenes have been described in

cattle, sheep, goats, swine, and rabbits (Murray, 1955). Rabbits
infected during gestation always aborted after the first exposure and
occasionally aborted during a succeeding gestation period as a result
of this initial infection (Gray et al., 1955, 1955a). The fact that

the organism apparently persisted in the reproductive tract for some
time may indicate the possibility of an intracellular existence. Abor-
tions in humans reported from the eastern sector of Germany have

been attributed to L. monocytogenes and Potel (1954) described a

disease of the newborn which he called granulomatosis infantiseptica.

This work indicated the occurrence of a granulomatous inflammatory
response.

From the foregoing discussion it is evident that L. monocyto-

genes and the lesion which it produces offer considerable challenge
for further research. In view of the apparent differences in tissue

reaction resulting from an infection with L. monocytogenes, it was

suggested that tissue culture would afford a medium whereby the de-

velopment of the lesion could be observed under controlled conditions.



HISTORICAL BACKGROUND

In an attempt to study cell functions and the effects of environ-
ment, Roux isolated the medullary plate of a chicken embryo in a
warm saline solution as early as 1885. This was not reported until
1923 when he proved that the closure of the medullary tube was a
function of its constituent cells and not of mechanical pressure from
nearby structures.

In 1897, Ljunggren was able to keep transplants of human skin
alive for weeks in ascitic fluid.

Loeb (1902) discovered that it was possible to obtain out-
growth of cells in plasma clots or on agar sheets placed beneath
the epidermis of the ear of a rabbit. Harrison (1907) was the first
to observe cell growth under the microscope. He recorded the de-
velopment of nerve fibers after implanting fragments of embryonic
frog neural tube in frog lymph.

Burrows (1910) observed cell mitosis in vitro and Carrel and
Burrows (1910) developed the coagulated medium technique as it is
known today.

It was soon realized that coagulated plasma alone did not con-
tain all the substances necessary for continuous cell growth. Carrel

4



5
(1912) first used embryo extracts and made long-term tissue culture
possible. As a result he maintained a strain of fibroblasts for over
thirty years.

Lewis and Lewis (1911) pioneered the fluid medium technique
by employing various combinations of salt solutions, buffer systems,
and serum. Lewis (1916) used sea water as a medium for tissues
in vitro.

The importance of proteins in cell nutrition was realized
when Carrel (1913) discovered that extracts of tissues accelerated
the growth of fibroblasts. The use of a solution containing irradiated
beef plasma, Witte's peptone, hemin, cystine, insulin, thyroxine, glu-
cose, and salts was reported in 1933 by Vogelaar and Erlichman.

Baker and Ebeling (1939) devised a fluid -containing more
amino acids, hormones, and nucleic acids than previous workers
had reported. The nutritive and maintenance value of the medium
was improved with these supplements.

The foregoing studies demonstrated the important role of pro-
teins and protein degradation products in the nutrition of animal
cells in tissue culture; and also emphasized that serum or embryo
extract could not be eliminated from the medium.

Simms (1936) and Simms and Sanders (1942) reported the use

of serum ultrafiltrate as a basic medium for tissue cultures. This



fluid contained a substance which stimulated the growth of dormant
adult tissues in vitro.

Fischer (1946) summarized the work on tissue culture for the
previous twenty years. It was apparent from this review that during
this period considerable attention had been given to cellular nutrition
with special reference to growth-promoting substances and the nitro-
gen metabolism of tissue cultures.

As early as 1926, Baker and Carrel studied the protein frac-
tion of embryonic tissue extract and found that fibroblasts grew
faster in this fraction than in others. This portion consisted of a
mixture of nucleoprotein and glycoprotein. Fischer (1941) fraction-
ated embryo tissue juice and reported that the growth-promoting
factor was associated with the nucleoprotein p01;tions and termed it
embryonin.

Fischer M, (1948), employing a mixture of biologically
important substances, devised a medium known as V-605. One of
the most important amino acids in V-605 was found to be cystine,
since its absence prevented growth. Arginine, tryptophane, glutamine,
and lysine were found to be necessary in this order of decreasing
importance.

Morgan, Morton, and Parker (1950), using the building-up

method, developed a very complicated medium known as 199. This
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is characterized by a complete supplement of amino acids and vita-
mins in addition to nucleic acid constituents, purines, pyramidines,
and pentoses. Tween 80 was used in this mixture to supply a source
of fatty acid and aided in dissolving fat-soluble vitamins and choles-
terol.

An adequate medium, completely synthetic, has not yet been
devised. The elaboration of such a medium is the goal of the tis-
sue culture worker but the attainment of this goal does not seem
close at hand.

Plasma clot cultures grown on coverslips as used by Carrel
(1912) provided a satisfactory method for cultivation. Sometime
later, Carrel (1913a) cultivated tissues in tubes which were lined
with a thin coagulum of plasma and embryo extract. This early
work was the basis for the present-day roller-tube technique. How-
ever, Gey (1933) made the roller-tube a practical system of cultiva-
tion. Porter et al. (1945) devised a flask with a long straight neck
to fit a roller-tube rack. Today this flask bears the name of the
senior author.

Until recently the plasma clot culture was the most satisfac-
tory method available, but there are many limitations. The clot is

difficult to handle because the operator must be able to control the



clotting mechanism. The clot interferes with microscopy because
of its thickness, and liquefaction occurs during cellular growth and
then the clot must be repaired. Evans and Earle (1947) replaced
the plasma clot with perforated cellophane. This new substrate
makes possible the uniform dispersion of cells over the surface of
the culture flask so that the cells can be scraped off the glass-
cellophane interface and transferred as a suspension. With the
cells outside the confinement of the clot, single cell cultivation was
possible (Sanford et al., 1948).

The use of cells grown on glass or cellophane provides a
means for accurate, quantitative work with replicate cultures (Evans
et al., 1951). Nuclear counts can be made in a hemocytometer. It
is then possible to compare the number of cells originally planted
with counts made after incubation or experimental manipulation.

The need for suspension-cell cultures for virus propagation
stimulated Simms and Stillman (1937, 1937a) to devise a method for
the treatment of kidney tissue with trypsin. These authors reported
that trypsin stimulated initial growth due to the removal of an inhib-
itory material from tissues as a result of a proteolytic action. Rob-
bins, Weller, and Enders (1952) made a similar report.

Dulbecco (1952), and Dulbecco and Vogt (1954) described a

method for trypsinizing tissue to obtain a monolayer culture to study



animal viruses. Youngner (1954) adapted Dulbecco's method to pre-
pare trypsin-dispersed monkey kidney cell suspensions which were
standardized and used for the preparation of large numbers of repli-
cate cultures. Youngner (1954a) utilized the trypsin-dispersed monkey
kidney cells for the titration of poliomyelitis virus in roller-tube
cultures. This is the basic method used today for the production of

the poliomyelitis virus vaccine.



REVUE OF LITERATURE

Although the behavior of tissue cells in vitro was studied by
Carrel and others in the early part of the twentieth century, path-
ologists and bacteriologists made little use of the opportunity to study
the reaction of tissues to bacteria in this manner.

Smyth (1915) studied the effect of B. diphtheriticum, B. typhosus,

B. coli verus, B. prodigiosus, and Micrococcus aureus on tissue cul-

tures of heart and spleen from chickens. The strain of B. typhosus

was not pathogenic for chickens and it was found that the organism
did not live in fresh chicken plasma. Smyth reasoned that since
the.organism did not remain alive, the plasma contained bactericidal
properties; however, after several hours of incubation with tissue
explants the organism grew well and had a special affinity for the

new cells. B. coli verus and B. prodigiosus, which were nonpatho-

genic to the chicken, colonized and the presence of the tissue frag-
ment did not seem to have any influence on the growth of the bacilli.

In tissue cultures infected with Micrococcus aureus, the bacillus

grew freely in the presence of the tissue, and somewhat dispersed

tissue growth. Smyth (1916) elaborated on some of his earlier
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experiments and described the effect various tissues exerted upon the

growth of bacteria.

Lewis (1920) introduced B. typhosus into tissue cultures of

chicken embryo intestine. He was unable to keep tissue cells alive
much beyond 24 hours. Soon after introducing the bacteria into the
cultures, large vacuoles appeared in the cells, together with an in-
crease in their size and number. Some of the vacuoles contained
bacteria which remained alive and motile within the vacuole.

Smith et al. (1922) studied the behavior of chicken embryo
tissue containing avian tubercle bacilli and concluded that the cells
were not attracted by the bacilli and that the presence of the or-
ganism did not induce any change in the cultures.

An outstanding piece of work was reported by Maximow (1924)

on the reaction of mammalian tissues in vitro to Mycobacterium

tuberculosis. Lymphoid tissue, mesenteric lymph nodes, and omen-

tum were grown in plasma clot cultures and inoculated with one of
two different strains of human tubercle bacilli. One strain was
highly virulent and the other was avirulent. After the tissues had
been in culture for three to five days the bacilli were added. Max-
imow found that the best picture of the relationship between cells

and the bacteria were seen at the periphery of the explant in the
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zZone o} newly formed tissue. Cultures which were infected with the
virulent strain were able to overcome the infection and after seven
to eight days only a few bacilli could be seen in the cultures. How-
ever, the avirulent strain completely overgrew the tissue cultures
after three weeks in vitro. He reported that the tissue cells did not
perish in any of the cultures inoculated with the virulent strain but
rather displayed a series of reactive changes which duplicated the
specific tuberculous inflammatory process. It was pointed out that
this was in marked contrast to the behavior of cells which became
accidently contaminated with saprophytic organisms, since in this
case the cells were unable to resist the influence of these intruders
and were soon killed.

As a result of these experiments, Maximow (1924) concluded
that the reticular cells of the lymphoid tissue displayed the most
significant reaction. They mobilized and formed wandering cells
and macrophages which were named polyblasts. The cells migrated
into the medium and phagocytized the tubercle bacilli. Epithelioid
and giant cells developed and some of these cells contained a golden

yellow pigment which was believed to be a residue from intracellu-

lar digestion of tubercle bacilli.

IL.ang (1925) inoculated lung tissue in vitro with M. tuberculosis.

Lung tissue was used because it provided a tissue which was capable
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of producing an exudative reaction, and contained capillary endothelium
and septal cells. He claimed that the endothelium of lung tissue did
not play a role but that the septal cells were the principal active
elements. The latter corresponded to the mobilized histiocytes and
were the phagocytic ameboid cells which engulfed the bacilli and
were then transformed into epithelioid cells. The epithelioid cells
were arranged in tubercle-like clusters. The tubercle bacilli in the
tissue cultures influenced the elements of the explanted tissue by
means of the soluble products of metabolism. In cultures of lymphoid
tissues the endothelium of blood vessels assumed an embryonic form.
Lang did not make any attempt to explain this last finding, but it is
mentioned here because it seemed pertinent in view of the results
of' this work.

To study the response of leucocytes in tissue culture to a

Streptococcus, King et al. (1928) used cultures of the buffy coat from

blood. The organisms were grown 18 to 24 hours in broth and di-
luted in Tyrode's. These workers observed that if 150,000 bacteria
per milliliter were present the cells did not grow beyond 12 hours.
However, if only five bacteria per milliliter were added, cellular
growth continued for five days. It was also reported that the pe riphery

of the cultures infected with the bacteria was coarse and granular in
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contrast to that of uninoculated cultures which had a smooth and uni-
form cell distribution.

Utilizing pure cultures of fibroblasts and a gram-positive
saprophyte, Tannenberg (1929) reported that individual bacterial colo-
nies grew in the center of a fibroblastic "'ring'' which was not sharply
defined, but had finger-like appendages. Stained preparations revealed
these fibroblastic cells to be filled with bacteria and he therefore
assumed that the fibroblasts phagocytized the organisms. The fibro-
blasts containing bacteria did not take the nuclear stain, indicating
the possibility of death. Cultures inoculated with bacteria did not
grow well and evidence of fatty degernation was reported. As a
result of these studies, it was concluded that macrophage-like cells
were really degenerated forms of fibroblasts.

Aronson (1931) studied the specific cytotoxic actions of tuber-
culin ' in tissue culture. Using tuberculous guinea pigs, explants of
bone marrow, spleen, and testes were cultured in the presence of
tuberculin from the human and bovine type. It was found that the
tuberculin was toxic to the cells, but when explants of the same tis-
sues taken from nontuberculous animals were cultured in the presence
of the same tuberculin, there was no toxic effect.

In order to study the behavior of Treponema pallidum in vitro,

Foldvari (1932) and Kast and Kolmer (1933) attempted to grow this
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organism in the presence of living tissue. These investigators were
unsuccessful in this endeavor and were unable to come to any def-
inite conclusion as to the relationship of this organism to the host
cell.

In an effort to observe the chemotropism of polymorphonu-
clear cells, McCutcheon and Dixon (1936) reported that these cells

exhibited a positive chemotropism to Staph. albus, Str. hemolyticus,

M. tuberculosis, E. typhosus, and T. histolytica.

It is well known that polymorphonuclear cells are the first
to appear in the area of inflammation but monocytes also play a
vital role in combating infections and removing debris. Herzog
(1938) used tissue cultures of human leucocytes to study the phago-
cytic activity toward various agents. Coﬁ)an (1940) used cultures
of monocytes to compare the chemotaxis of monocytes with that of
polymorphonuclear leucocytes and lymphocytes. He obtained mono-
cytes by explanting small pieces of rat omentum. After two days of
incubation, the migrating cells were mononuclear phagocytes. The
polymorphonuclear cells were grown from the buffy coat of blood
and lymphocytes from the rat lymph nodes. The substances which
were tested for the chemotaxic effect were placed 0.5 mm from the

explant and various migrations were recorded. It was concluded
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that polymorphonuclear cells exhibited a positive chemotaxis to S.

Monocytes and lymphocytes did not show a positive chemotaxis to
either organism and monocytes showed a very slight negative chemo-
taxis to alumina silica.

Later investigations of T. pallidum in tissue cultures by Perry

(1948) revealed that the organism survived for ten days and that
giant cells were produced. This giant cell production suggested the
possibility that they were associated with a granulomatous inflamma-

tory reaction. It was also reported that T. pallidum did not grow

if the tissue died.

Allgower and Block (1949) studied the effect of tubercle bacilli
on the migration of phagocytes in vitro. These workers found that
leucocytic migration was inhibited if the cultures were infected with
virulent bacilli but if white cells were inoculated with avirulent
bacilli this migration was not inhibited. This somewhat corroborates
the work of Aronson (1931).

It was not the intention of the writer to prepare a literature

review on L. monocytogenes per se; that has been done by Seeliger

and Linzenmeier (1953) and Gray (1954) and any repetition here would
be superfluous. Only those papers which were concerned with the

reaction of the tissue to this bacterium will be reviewed.
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After Murray, Webb, and Swann (1926) described the severe

monocytosis produced in rabbits by L. monocytosis, many investigators

began to use this organism to study the controversial question of the
origin of the monocyte.

Bloom (1928) concluded that the monocyte developed by indi-
vidual transformation of the lymphocytes in the blood; especially in
the sinuses of the spleen and liver. Splenectomized rabbits inoculated

with L. monocytogenes developed monocytes from the bone marrow.

He stated that monoblasts did not exist and differentiated monocytes
from free histiocytes.

Lang (1928) reviewed the literature on the monocyte question,
but did not come to any definite conclusion.

Nyfeldt (1932) injected rabbits with L. monocytogenes and found

no cytogenic centers for monocytes. He stated that there was no
transitional process from myeloblast to monocyte but that monocytes
came from the stimulation of lymphatic tissue.

Rezzesi (1933) and Wallbach (1934), studying rabbits infected

with L. monocytogenes, concluded that the most important cell in

this disease was the monocyte.
Conway (1938, 1939) investigated the reaction of rabbit lym-

phatic tissue to injections of L. monocytogenes. Microscopically the
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splenic response was characterized by the movement of lymphocytes
from lymphatic tissue of the periarterial sheaths into the red pulp.
The rate of formation of new lymphocytes in the sheaths initially
was greater than the rate of destruction. It was concluded that the
lymphocytes were associated with the transitional form of monocytoid
lymphocytes. The monocytes which were seen in the red pulp, de-
veloped by individual hypertrophy and transformation of the lympho-
cytes.

It is known that the identification and isolation of L. monocy-
togenes has been overlooked on many occasions. Burn (1934, 1935,
1936) reported the isolat'}on of an unidentified gram—posit;ive bacillus
‘associated with meningoencephalitis. The organism was found in the
blood of three newborn infants who had died of meningoencephalitis.
In two of the infants the bacteria were spread throughout all organs.
After much study and research, it was concluded that this organism
was of the genus Listeria.

Potel (1952) in the eastern sector of Germany reported a

disease of the newborn which he called granulomatosis infantiseptica

and first named the causative organism as Corynebacterium infanti-

seBtica. However, in a discussion following the presentation of this

paper, Seeliger stated that he was of the opinion that the etiologic
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agent of this disease was L. monocytogenes. Since that time many

reports concerning the etiology and epidemiology of granulomatosis

infantisepticum have been made by Potel (1953, 1954), Riess (1953),

Erdmann and Potel (1953), Hahnefeld and Nisolk (1954), and Hahne-
feld (1954).

The histopathology of listeriosis has not been well defined.
The most commonly described lesion is necrosis involving mostly the
spleen, liver, and brain. Bloom {(1928a), in describing the formation

of the abscess associated with L. monocytogenes infection, stated

that the transformation of lymphocytes to monocytes could be seen
at the periphery of the splenic abscess. He did not believe that
the vascular endothelium gave rise to the exudative cells seen in
the abscesses.

Jensen and Mackey (1949), studying listeriosis in cattle and
sheep, reported that the changes consisted of foci located in nerve
tissue proper. These foci contained plasma cells, macrophages,
and neutrophils. They observed phagocytosis of the organism by the
mononuclear macrophages.

Julianelle and Moore (1942) described the pathological changes
in the eye as consisting of areas of focal necrosis. In every ab-

scess which they studied there were many mononuclear cells at the
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periphery and they thought this to be a strange finding since the
necrosis was caused by a pyogenic organism.

Hagemann et al. (1953) described the histopathology caused

by L. monocytogenes infection in the newborn. Liver lesions were

characterized by large, rounded areas containing a dense capillary
network and a few atrophic parenchymatous cells. The capillary
endothelium proliferated and some of the cells contained fat-like
droplets and desquamated nuclear fragments. These workers clas-

sified the lesion produced by L. monocytogenes according to two

possible reactions and fates. One lesion was characterized by an
increase in mesenchymal cells resulting in an increase in reticular
cells, histiocytes, monocytes, and epithelioid cells. This was called
a ''"granuloma'' and was not seen in all cases of infection. Bacteria
were seldom seen or isolated from these lesions. The second and
most frequently observed lesion was characterized by necrosis.

Hagemann et al. believed the necrosis to be due to the action of a

toxin or to the organism itself rather than to the obliteration of the
capillaries. With the beginning of the necrosis there was a cen-
tripetal infiltration of the capillary cells. These endothelial cells
began to engulf the whole area. At this time the nuclei became

elongated and took the form of rods, dumbbells, hooks, clubs, and
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other bizarre shapes. These proliferating capillary cells which
formed a proliferating ''granuloma'' were the same as those de-
scribed in the previous type of lesion.

Simon (1953), in reporting on listeria encephalitis, described
the presence of raised areas on the meninges called ''disc-like'!
infiltrations of a granuloma character with packed histiocytes and

an increase of L. monocytogenes organisms. In the area of the sulci

‘there was a low-grade vascular proliferation. He reported the pres-
ence of ''granulomas'' in the outer and medial meningeal layers.
Simon stated that in the periventricular area there was fluid which
contained many Listeriae, and that this produced a mechanical toxic
process which caused some histolysis followed by mesenchymal cell
proliferation. This new cell formation produced the granuloma or
"'listeroma'' and these formations were connected with the capillary
tissue.

Hagemann et al. (1953) reported that in the stillborn, the
primary proliferation was the result of increased mesenchymal re-
action in which the entire connective tissue took part. L. monocy-
togenes was not often observed in the granulomas.

The general opinion of these German workers was that the

capillary endothelium often played a vital role in the formation of
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the lesion produced by 1L.. monocytogenes and it was upon this basis

that they call the disease granulomatosis infantiseptica.




MATERIALS AND METHODS

Glassware and Instruments

Most glassware and instruments were washed in Hemo-sol,
rinsed once in tap water followed by three distilled-water rinses,
and sterilized in a hot-air oven at a temperature not in excess of

140°C. for one hour. Capillary pipettes with rubber bulbs were auto-

claved.
Physiological Salt Solutions
Phosphate buffered saline (PBS). Buffered saline was used
for preliminary washes of tissues. The water which was used as

a diluent was triple distilled in pyrex and autoclaved immediately

before using. The composition was as follows:
NaCl . ... .. ... . ... . 8.0 g
KCl . ... ... ... 0.2 g
.............. 1.15
NaZHPO4 . g
PO, . . .. .. 0.2 g.
KHZ O4 g
.............. 0.1
CaClZ Do g
-6HOH . . .. .. .. .... 0.1 g.
MgClz 6HOH . . g
HOH ... ... . . .. ... .... 1000.0 ml

* Meinecke & Co., Inc., New York, N. Y.
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Medium 199. The synthetic medium of Morgan et al. (1950)

was used as the basic constituent of the nutrient fluid. This medium
was obtained from Parke Davis and Co., Detroit, Michigan. The pH

of this solution was adjusted to 8.0 with sterile NaHCO3,

Plasma

Homologous rabbit plasma was used throughout this study.
A mnormal rabbit was bled by cardiac puncture. Approximately 25
ml of blood was drawn into a 30-ml syringe containing 5 ml of a
1:500 isotonic heparin solution. This amount of heparin delayed
clotting for several hours. The blood was centrifuged at a moder-
ate speed for ten minutes. The plasma was immediately removed

and stored in an ice bath.

Embryonic Extract

Embryonic extract was prepared from nine-day-old chicken
embryos. The eggs were opened and the embryos aseptically re-
moved. After first removing the eyes, to eliminate the pigment
which often makes a cloudy extract, the embryos were ground in a
tissue grinder and approximately 2 ml of medium 199 was added

for each crushed embryo. The mixture was placed in an incubator
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at 37°C for one hour, centrifuged, and the supernatant fluid removed
with a pipette. The extract was diluted with an equal amount of

medium 199, and the mixture was stored in a deep freeze at -27°C.

Bacterial Cultures

The culture of Listeria monocytogenes used in this study was

isolated in 1951 from the brain of a calf. The bacterial culture

was prepared for use in tissue culture in the following manner. The
growth on a 24-hour tryptose agar slant was washed off with sterile
saline. This suspension was diluted with saline and the density read
in a Cenco Sheard Sanford photelometer using the 0.5 tube of a
McFarland nepholometer as standard. Omne drop of this bacterial
suspension was added to the tissue cultures from the tip of a 27

gauge needle attached to a 5-ml syringe.

Tissue Cultures

All tissue culture work was carried on in an asbestos-lined
hood, located in the culture room. The hood was thoroughly washed
and the area subjected to ultraviolet rays for several hours prior

to the beginning of each experiment.
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Procurement of tissues. A small autopsy room, separate

from the culture room, was used for obtaining the animal tissues.
The stainless steel bench was washed down prior to the beginning

of the operation. A normal rabbit was placed ventral side uppermost
on a metal tray. The hair was clipped as short as possible, the
entire surface sponged several times with 70 percent alcohol, a
cardiac puncture made, and the animal exsanguinated. Blood was
collected aseptically to provide plasma for preparing clots. After
bleeding, the abdominal surface was sponged with alcohol, the skin
incised and reflected, being careful not to incise the abdominal mus-
cles. The muscle surface was wiped with alcohol to remove any
hairs which might contaminate the area. The muscles and peritonium
were incised with a sterile knife, the spleen removed and placed

immediately in sterile Petri dishes.

Method of culture. The spleen was washed twice with PBS

to remove any surface blood, and was minced into pieces approxi-
mately 1 mm square with sharp scissors. The minced tissues were
washed three times with PBS followed by two washes with medium
199. Tissues were allowed to remain in medium 199 until explanted.
The double coverslip method of Maximow (1925) was used in

this study. Large cover glasses, 40 x 50 mm, were placed on sterile
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black porcelain tiles and covered with the bottom or top of a sterile
Petri dish. One drop of sterile water was placed on the center of
the cover glass and a sterile, round, 22-mm coverslip was placed
on the drop of fluid and adhered tightly to the large cover glass.
The explant was placed on the round coverslip and one drop of the
nutrient medium was added with a pipette. The nutrient medium
consisted of one part of medium 199, one part of plasma, and one
part of embryo extract. Some of the tissue cultures were inoculated
with one drop of the standardized bacterial suspension as described
previously. A drop of sterile, melted petrolatum was placed at
each corner of the large cover glass, a large depression slide was
placed over the culture and after clotting occurred, the entire prepa-
ration was inverted. The culture was sealed with melted paraffin
to prevent evaporation of the fluids. After the paraffin was set, the
slide was placed in a rack in an inverted position in order to pro-
vide a lying drop instead of a hanging drop. The cultures were
incubated at 37°C (Plate I).

When the clot liquefied, usually in four to five days, the prep-
aration was opened and the round coverslip was removed. The cover-
slip with the adhering culture was washed in fresh medium 199 for

10 minutes and placed on a sterile cover glass. Fresh plasma was
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Plate I.

Double coverslip culture. Mag. 2x

The explant (A) is on the round coverslip (B) which is
attached to the large coverglass (C) and inverted over
the depression (D). The coverglass is sealed to the
depression slide with paraffin (E).



PLATE 1



Plate I.

Double coverslip Cuﬁre. Mag. 2x @

The explant (A) is orn, the round coverslip (B) which is
attached to the 1argerB0verg1ass (C) and inverted over
the depression (D). The coverglass is sealed to the
depression slide with paraffin (E).
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added if too much of the clot was washed away. A depression slide

was placed over the culture and sealed as previously described,

Methods of Study

It was necessary to employ several techniques in order to
obtain the desired information from this investigation. The following

were the methods used:

Cytological studies. All cultures were examined daily under

the ordinary light microscope. The rate of growth of the tissues
was noted as well as the presence or absence of bacteria. Cell
migration was recorded and the distribution of the bacteria was stud-
ied.

Supravital stains, Neutral Red (1:10,000) and Janus Green
(1:20,000) were used to identify the type of wandering cells seen at
the margins of the explants.

Cultures were fixed and stained in toto in the following manner.

The paraffin seal was loosened from the depression slide with a scal-
pel blade. The large cover glass was carefully rinsed and the small,
round coverslip, with the culture adhering to it was floated onto the
surface of Bouin's fixative. After approximately one-half hour, the

tissue was gradually hydrated through distilled water. With the
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tissue still on the coverslip, the entire section was stained in a 20
percent aqueous solution of Harris' hematoxylin for 12 hours. The
cultures were gradually dehydrated, stained lightly with eosin, cleared
in xylene, and mounted with Permount.* Care was taken to dehydrate
the clot completely and clear gradually with xylene before mounting
on the slide.

To study the histopathology some of the cultures were fixed
in Bouin's for approximately one-half hour. The cultures, while on
the coverslip, were dehydrated in ascending strengths of alcohol.
In the absolute alcohol, the cultures were shaved off the coverslip
with a sharp razor blade. The cultures were passed through several
changes of oil of wintergreen, infiltrated with paraffin, and embedded.
Serial sections of each block were cut at four microns. Some of
the sections were stained with hematoxylin-eosin for histopathological

examinations. In an attempt to identify L.. monocytogenes in sections,

both Gram Weigert and Goodpasture's stain were used (Mallory, 1942).
Weigert-Van Gieson stain was employed to study the various types of

connective tissues which were involved in the lesions produced.

% Permount, Fisher Scientific Co., New York, New York.
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Bacteriological studies. In order to test for viability of L.

monocytogenes the explants were cultured on either tryptose agar
or in broth. After opening the prepar‘ations, the entire clot with
the explant, was removed with a bacteriological loop and placed on
the appropriate media. These cultures were incubated at 37°C.
Some tissue cultures were refrigerated for several days prior to

checking for the bacteria.

Photography. Photomicrographs were taken with a Bausch

and Lomb Model L camera. Photographs of colonies of L. monocy-
togenes were taken with an Fastman Kodak View camera using a

micro-sumar lens.



RESULTS AND DISCUSSION

Bacteriological Studies

Effects of fluids. Before it was possible to do tissue culture

experiments, the reaction of the constituents of the tissue culture

medium on L. monocytogenes had to be determined.

Medium 199, the nutrient solution, proved to be in no way
inhibitory to the growth of the organism. A culture of the bacteria
in medium 199 remained viable for more than two weeks. FEach
day 0.2 ml of the culture was plated onto tryptose agar and the
growth always was luxurious after 18 hours of incubation.

When L. monocytogenes was incubated in a plasma clot with

medium 199, the bacteria remained viable for more than eight days.
As a result of the foregoing experiments it was evident that none of

the tissue culture fluids were bactericidal to this organism.

Refrigeration studies. Gray et al. (1948) reported that macer-

ation of tissues followed by refrigeration increased the probability
of recovering the organism from tissues; other workers have reported

similar results. Osebold and Inouye (1955, 1955a) found an increase

of 47 percent in recovery of L. monocytogenes from rabbit tissue

33



34
and 95 percent increase in recovery from tissues of sheep. This is
a curious phenomenon which remains unsolved at this time.

Because of this strange behavior, inoculated tissue cultures
were studied for this same phenomenon. After incubating for 24
hours, the tissue cultures were observed under the microscope for
cell migration and the presence of bacteria. The growth of tissues
appeared to parallel that of uninoculated controls but microorganisms
were seen moving freely about the margins of the infected tissue
cultures. In all observations of living cultures, the bacteria were
always motile. This will be discussed in greater detail in the sec-
tion concerned with the description of the living cultures.

When a 24-hour culture was unsealed, and the clot and ex-

plant placed in tryptose broth, L.. monocytogenes grew luxuriously
after 18 hours' incubation. However, if this same procedure was
repeated, using a 48-hour inoculated tissue culture, no bacterial
growth appeared in the broth after 3 days' incubation even though
the bacteria were seen moving in the living tissue culture. This
procedure was repeated with a 3-day-old tissue culture with identical
results. Beginning of the fourth day of incubation, one tissue culture
was removed from the incubator each day for four consecutive days

and placed in the refrigerator at 4°C. Sealed cultures were removed



35
from the refrigerator after 7, 16, 23, and 31 days. The cultures
were unsealed and the entire clot and explant were scraped from
the round coverslip and placed in tryptose broth and incubated. All

these cultures were positive for L. monocytogenes after two days'

incubation. The organism was identified by plating broth cultures
on tryptose agar and observing the colonies under a binocular dis-

section microscope employing oblique lighting. L. monocytogenes

appear as small, discrete, blue-green colonies. This method of
identification has been used very successfully by Gray et al. (1948).
When explants were smeared directly on tryptose agar, omit-
ting the broth, the organism often was seen growing around the small
piece of spleen. Plate II illustrates this and shows the characteristic

colonial morphology and color of I.. monocytogenes.

It is known that under certain conditions this infection with

L. monocytogenes is somewhat self-limiting. Rabbits exposed by

ocular instillation often recovered and the only symptom of the dis-
ease was the intense conjunctival reaction and a slight monocytosis.

Sheep and cows suffering from brain infections with L. monocytogenes

occasionally recovered, even though they were left with permanent
brain damage. Recent experiments by Gray et al. (1955, 1955a) indi-

cate that this organism can remain viable in the uterus of rabbits for
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Plate II. A piece of spleen from an infected culture smeared on

an agar plate and incubated 48 hours. The bacterial

colony can be seen growing out from under the tissue.
Mag. 24x
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38

Plate III. Typical L. monocytogenes colonies on an agar plate.
Isolated from a tissue culture. Mag. 1.25x
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many weeks. When the animals were exposed either orally or ocu-
larly during gestation, abortion occurred; after apparent recovery of
the doe, successive rebreeding always terminated in abortion. In

every instance, L. monocytogenes was isolated from aborted fetuses

and cotyledons. The does did not manifest clinical symptoms of ill-
ness and usually survived. However, occasionally after relatively
long periods of survival, the rabbits became ill and died. The or-
ganism in such cases was isolated from most of the viscera.

Is it possible to correlate the phenomenon of increasing re-

covery of L. monocytogenes following refrigeration with the fact that

the organism can remain in the animal without displaying symptoms?
Perhaps some inhibitory substance acts as a bacteriostatic agent at
37°C, but when refrigerated no longer retains this bacteriostatic
property. All this is simple speculation without proof at the pres-
ent time. Nevertheless, in view of the fact that inoculated tissue
cultures behaved after refrigeration the same as other tissues treated
similarly suggests that some sort of biological system which is in-
activated at 4°C allows the bacteria to grow on artificial media.

It must be remembered that in every case, prior to making bac-
teriological cultures of the explants, living, motile bacteria were

seen in all inoculated tissue cultures. Therefore, something made
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it impossible to culture the organism on artificial media until they
were held at 4°C for several days. The answers to these perplex-

ing questions still remain a mystery to be unfolded.

Description of Living Cultures

Approximately 290 cultures were grown and observed. Some
were fixed and stained in toto, others were blocked and sectioned.
Whatever the fate of the cultures, all were observed in the living
state.

During the first 24 to 40 hours after incubation, the poly-
morphonuclear leucocytes migrated outward from the explant, grad-
ually became inactive and degenerated. The neutrophils eventually
were obscured by the growth and migration of lymphocytes and
monocytes. Plate IV illustrates three days' growth of a splenic
culture. Large ameboid cells moved slowly and did not appear to
have any particular attraction for the bacteria (Plate V). As pre-
viously mentioned, in all observations of inoculated cultures the bac-
teria were always motile. On several occasions the organisms moved
directly toward the macrophages, hammered the cell membrane sev-
eral times, then backed away as if to gain momentum for another

bombardment. This repeated method of attack often continued for
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Plate IV. Inoculated living splenic culture three days old.” Mag.
200x
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Plate V. Inoculated living splenic culture six days old. (A) Bac-
teria along the margin of the explant. (B) Mononuclear
phagocytes. Mag. 940x
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several hours and finally the bacteria entered the cytoplasm of the
macrophages. These movements of the bacteria seemed to be pur-
poseful rather than random. Plate VI illustrates the diffuse distri-
bution of the bacteria throughout the culture. This particular culture
was stained with Janus Green and the organisms have an affinity
for the dye. The bacteria can be seen in several macrophages as
well as free in the surrounding medium. Plate VII is an oil immer-
sion photograph of a two-day-old culture. These cells were observed
for nearly four hours and during this time several bacteria penetrated
the cell membrane.

A great deal of difficulty was encountered in the identification
of the cells in the living, unstained cultures. It is sufficient to say
that they were mononuclear phagocytes.

Cunningham et al. (1923) identified two distinct types of
phagocytic cells in the spleen of the rabbit. One group, consisting
of clasmatocytes, macrophages, and histiocytes were said to react
intensely to Neutral Red. The nuclei were located peripherally and
were relatively small in comparison to cell size. The other group
was identified as typical monocytes of the peripheral blood. These
were 15u to 30p in diameter with a horseshoe-shaped nucleus. When

these cells were stained with Neutral Red there was a central, clear
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Plate VI. L. monocytogenes stained supravitally with Janus Green
in a five-day-old living culture. The bacteria appear
in V, Y, and pallisade forms. Macrophages containing
bacteria are marked with arrows. Mag. 1500x
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Plate VI. L.. monocytogenes stained supravitally with ws Green
in a five-day-old living culture. The bacteria appear
in V, Y, and pallisade forms. Macrophages containing
bacteri\t are lnarked with arrows. Mag. 1500x
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Plate VII. Mononuclear phagocytes in a living two-day-old culture.
Bacteria can be seen in those cells marked with arrows.
Mag. 3050x
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Plate VII. Mononuclear phagocytes in a living two-day-old culture.
Bacteria can be seen in those cells marked with arrows.
Mag. 3050x
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spot opposite the Hof of the nucleus. Surrounding this clear spot
was a rosette of small, radiating aggregations of Neutral Red par-
ticles and any phagocytized material congregated in the zone of the
red granules at the periphery of the rosette. McJunkin (1926) and
Forkner (1930) confirmed the existence of these two varieties of
mononuclear phagocytes.

This author was unable to identify these two types of phago-
cytes after repeated trials using Neutral Red and Janus Green supra-
vital stains. It was obvious that the cells were mononuclear in type
but the rosette as described by Cunningham et al. (1923) was never
seen.

Maximow (1927) was of the opinion that the nongranular leu-
cocytes developed into polyblasts and fibroblasts. Using tissue culture
methods, he reported that the lymphocytes and monocytes at the end
of the second day began to stretch out and develop long, spear-
shaped, nonmotile processes with large regular, oval nuclei. These
cells were described as ''fibroblast-like'' and as soon as they were
brought into focus with an oil immersion lens with strong light they
contracted, rounded off and resumed the former ameboid wandering
cells with motile membrane-like pseudopodia. After six days typical

fibroblasts were present. Maximow, therefore, reasoned that
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lymphocytes developed into polyblasts then into fibroblasts. This
theory seems rather presumptuous, but there is no proof that it is
wrong. The origin and development of mononuclear macrophages
still remains a very controversial subject and it is not the purpose
of this writer to take a stand on this matter. It can only be stated
that the cells identified in the living cultures were mononuclear
phagocytes.

When the tissue culture experiments were first started, it
was difficult to determine how many bacteria to add to the explanted
tissue. Pilot experiments in which thirty organisms per milliliter
were used proved this to be an inadequate dose. In previous animal
experiments by Gray (1954), the concentration of bacteria obtained
from a suspension made to match the 0.5 tube of a McFarland nepho-
lometer was found to be an adequate dose to produce symptoms and

lesions typical of L. monocytogenes infection. With this information

as a basis, the same suspension was used in the tissue cultures.
. . 9 . 11iqs
The suspension contained 2.289 x 10  organisms per milliliter;
7 .
therefore, in 0.01 ml there were 2.289 x 10 bacteria. This concen-
tration of bacteria did not suppress the growth of the tissue (Plate V).
It is interesting in view of the reports by Smyth (1915, 1916) and

Lewis (1920) which stated that the tissue did not remain alive in
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the presence of bacteria. Tissue cultures inoculated with L. mono-
cytogenes never demonstrated growth suppression or inhibition. Plates
VIII and IX illustrate profuse growth of cells after six and seven days
of culture, respectively. Plate X is an illustration of a six-day unin-
oculated culture.

Perhaps the early workers had difficulty in maintaining tissue
cultures inoculated with bacteria because of inferior nutrient fluids.
There is little doubt but that artificial media similar to 199 exert
tremendous influence upon the viability of tissues in vitro. The

pioneers in this field were less fortunate in having to rely on simple

salt solutions to which they added serum and embryo extract.
Description of Fixed Cultures

Whole mounts. Cultures which were fixed i__r_l_toto were stained’

with hematoxylin-eosin or Wright's stain.

Many polymorphonuclear cells were prominent during the
first 24 to 36 hours of culture. These cells were rather diffusely
distributed and some contained engulfed organisms.

After 48 hours the majority of the cells were macrophages.
Many of the cells exhibited bizarre forms, such as club, dumbbell,

hook, and spindle shapes. The cells were most numerous at the
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Plate VIII. A six-day-old living culture showing good growth of
tissue even though infected with bacteria. Mag. 200x
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Plate 1X.

A seven-day-old living culture showing heavy growth of
fibroblasts. The presence of bacteria did not inhibit
the growth of the tissue. Mag. 75x
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Plate X.

An uninoculated control culture. . Six days old.
nuclear phagocytes are the predominating cells.
1600x

Mono-
Mag.
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margin of the explant. A small amount of cytoplasm was seen at
each end of the cells. Plate XI, Figures 1 and 2, show examples
of these cells. These bizarre cells were seen in cultures as old
as four days; however, they were not present at all in uninoculated
controls.

Hagemann and Simon (1953) and Hagemann et al. (1953) de-
scribed bizarre nuclear forms in granulomas. In their opinion the
cells arose as a result of hindered proliferation of capillary wall
tissue due to the stimulus of a toxic reagent. The aberrant cellular
forms observed in the inoculated tissue cultures were 'similar to

those described by Hagemann and Simon (1953) and Hagemann et al.

(1953). Most of these cells with bizarre nuclei were found in the
area immediately adjacent to the explant.

After three or four days the bizarre forms were not as prom-
inent and after six days they were only rarely seen. The cells most
often seen at this stage were round cells with vesicular nuclei as
pictured in Plate XII. Most of these were at the margin of the tis-
sue, while out in the surrounding media, plasma cells and lympho-
cytes were most prominent.

More study with stained whole mounts would be desirable.

However, these preparations present some difficulty in handling.
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Plate XI.

Bizarre nuclear forms seen in 48-hour cultures,
with hematoxylin-eosin. Mag. 1650x

Stained
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Figure 1

Figure 2
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Plate XII.

Cells with vesicular nuclei seen in three-day-old cultures.
Stained with hematoxylin-eosin. Mag. 1860x
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The protein in the clot tends to absorb the stain and much cytological
detail is masked. Better preparation may be possible by the use of

very thin clots or perhaps perforated cellophane.

Serial sections. The most outstanding pathological changes

were seen in the serial sections of the explants. Tissue cultures,
inoculated at the time of explantation, were removed each day for
six consecutive days, fixed and sectioned. Uninoculated controls
were treated in the same manner.

The reaction began by what appeared to be proliferation of
the vascular sinus endothelium. As early as 24 hours, two layers
of endothelial cells were seen circumscribing a small blood vessel.
Radiating from this blood vessel were single rows of cells infil-
trating the surrounding tissue (Plates XIII, XVI). The nuclei of these
cells were vesicular, elongated, and pleomorphic. As a result of
the continued proliferation of the endothelium, the cells appeared as
swirls around the vessels until the involved area was of considerable
size at the end of the six-day period (Plates XV to XXVI).

The vascular sinus endothelium has been considered as a
part of the reticuloendothelial system. Omne group of cells belonging
to this system is composed of large mononuclear wandering cells.

They are found in all tissues and circulating fluids. The designations
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of the cells change with respect to their location. In the tissues they
are usually referred to as tissue macrophages, histiocytes, or clas-
matocytes, while iﬁ the circulatory system they are called monocytes.
The origin of mononuclear phagocytes has been a subject of consider-
able controversy. Mallory (1898) and Foot (1925) were of the opinion
that the mononuclear cell was derived from the endothelial cell. On
the other hand, Maximow (1924a), Lang (1926), and Bloom (1928a) did
not believe that the endothelium gave rise to cells possessing ameboid
characteristics. Sabin et al. (1925) reported still another theory,
stating that the clasmatocytes were derived from the endothelium
and the monocytes f;'om ""reticular'' cells. Lewis (1925), while not
in agreement with Sabin et al. (1925), favored Maximow (1924a) to
some extent, and also believed a part of Mallory's theory (1898).
Today, some thirty years later, the question remains unanswered.
Forbus (1943) stated that the mononuclear wandering cells were
derived either from primitive mesenchymal cells or from vascular
sinus endothelium. The latter view seems to be the most widely
accepted one today.

Even though the origin is most controversial, the function is
clearly pfxagocytosis. It is well known that these cells show a re-
markable capacity for proliferation and pleomorphism. Multinucleated

giant cells and epithelioid cells are derived from these cells.
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Sections treated with Weigert-Van Gieson connective tissue
stain exhlbited a single elastic connective tissue fiber around the
lumen of ;he reactive blood vessels (Plate XXIV, Figure 2). The
epithelioid cells circumscribed the area forming a solid mass.

Simon (1953) stated that the formation of the granuloma was
apparently connected with capillary tissue. Hagemann and Simon
(1953) reported that the entire connective tissue of the vessel was
involved in the primary proliferation of mesenchymal cells. Hage-
mann et al. (1953} claimed that the capillary endothelium phagocytized
the bacteria and also that the vessel reaction isolated the focus of
the infection and set up a granuloma. Therefore, the cellular com-
ponent of the granuloma was thought to be vascular endothelium.

The careful day-by-day studies of the tissue culture sections
revealed a similar reaction. It was especially obvious when 24 or
48 hour cultures were studied. At this time only one or two layers
of cells surrounded the blood vessels, with a few cells trailing off
into the nearby tissue. Another interesting observation revealed
that this characteristic reaction never was seen except in areas in
which blood vessels were present. This seemed to indicate that

these cells have some intimate association with the vascular endo-

thelium.
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At the margin of the tissue cultures at least four days old,
exceptionally large, round macrophages were seen (Plate XXIII). They
appeared to be the same cells as those in the tissue but were more
spherical and usually contained a golden yellow pigment. Maximow
(1924), in his work with the tubercle bacilli in tissue culture, reported
a similar finding. He was of the opinion that this material was di-
gested bacteria. However, in the present study repeated attempts

were made with special stains, but L. monocytogenes was never dem-

onstrated in the peripheral cells or in the reactionary cells of the
explant proper. As previously mentioned, tissue cultures infected

with L. monocytogenes required refrigeration in order to demonstrate

the organisms in artificial culture medium. Hagemann and Simon
(1953) reported difficulty in finding bacteria in the granulomas, but
were able to culture the organism from these structures. As a

matter of fact, the granuloma was often called a ''Listerioma'' by

these investigators because they were of the opinion that this struc-

ture was specific for the disease, granulomatosis infantiseptica.

In the center of the explants some necrosis was usually pres-
ent after 48 to 72 hours of cultivation; this was to be expected
simply from the mechanical aspect. The center of the tissue did
not receive the benefit of the nutrient fluld. The necrosis appeared

in the controls as well as in the inoculated cultures.
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The endothelial reaction usually occurred at the periphery of
the tissue and often long rows of the proliferating cells infiltrated
the area of necrotic tissue as if to digest the cellular debris. A
similar reaction was reported by Hagemann and Simon (1953) and
Hagemann et al. (1953) in describing the histopathology of granuloma-

tosis infantiseptica. They described a centripetal infiltration of ''the

capillary cells of resorption'' which engulfed the entire focus form-
ing a primary ''proliferating granuloma.'' These granulomas were

found in the organs of stillborn infants from which L. monocytogenes

was 1solated.
Most of the American workers who have described the histo-

pathology associated with L. monocytogenes infections, singled out

necrosis as being the primary lesion. However, Julianelle and Moore
(1942) reported finding many macrophages surrounding the necrotic
area and drew attention to the fact that this was a peculiar finding
to be associated with a necrotic reaction. Other workers have re-
ported that fibroblasts were present; this makes one wonder if they
were really fibroblasts or if they were actually proliferated cells
of the reticuloendothelial system. The nuclei of young fibroblasts
often resemble immature mononuclear cells.

As previously mentioned, Hagemann and Simon (1953) believed

that there are two distinct cellular reactions possible resulting from
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infection with L. monocytogenes. One was characterized by a granu-

lomatous inflammation, the other by necrosis. They also reported
that a combination of these two reactions can occur within the same
area. These facts may help to explain some of the confusion existing
regarding the histopathogenesis of this disease.

According to Forbus (1949) a pure granulomatous inflammation
is an ''exudative'' and ''‘productive'' reaction in the tissues character-
ized by the accumulation and proliferation of reticuloendothelial cells
from the circulating fluids and the tissue spaces. The predominant
cell in the reactive area is the macrophage in contrast to other in-
flammatory processes in which neutrophils or lymphocytes are in-
volved. Forbus (1949) stated that this inflammatory response can
be acute or chronic.

Several bacteria have been associated with a granulomatous

reaction, such as Brucella suis, Pasteurella tularensis, Mycobacterium

tuberculosis and Mycobacterium paratuberculosis. It has been sug-

gested by some investigators that these organism may exist intra-

cellularly, and there is some evidence that L. monocytogenes is

intracellular at times. Since the previously mentioned organisms
produce a granulomatous inflammation it may be possible that L.

monocytogenes possesses some of the sam= characteristics. Work
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done in Germany supports this theory to a certain extent, and most
certainly the reaction produced in the tissues cultures was granulo-
matous in nature.

The possibility that the response seen in the tissue cultures
may be a nonspecific reaction due to an irritant must not be over-
looked. Further studies must be made to determine if this lesion

produced in vitro is specific for L. monocytogenes.
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Plate XIII. A section of explant after 24 hours' incubation. Two

rows of proliferated vascular endothelium can be seen.
Mag. 400x
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A

Plate XIII. A section of explant after 24 hours' incubation. Two
rows of proliferated vascular endothelium can be seen.
Mag. 400x
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Plate XIV.

High power of area marked in Plate XIII.

Mag. 1200x
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Plate XIV.

High power of area marked in Plate XIII.
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Plate XV. Section of a two-day-old culture. Reaction can be seen
in the area marked. Mag. 400x
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Plate XVI. Section of an uninoculated control culture two days old.
Mag. 400x
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Plate XVII.

Section of three-day-old culture.
in the area marked. Mag. 400x

Reaction can be seen
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Plate XVIII. High power of section in Plate XVII. Note the prolifer-
ation and infiltration of the epithelioid cells into the ne-
crotic tissue. Mag. 1200x
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Plate XIX. Section of four-day-old culture. Reaction area has en-

larged, involving a region at the left side of the section.
Mag. 400x
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Plate XX.

High power of section in Plate XIX. Note infiltration.
Mag. 1200x
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Plate XX. High power of section in Plate XIX. Note infiltration.
Mag. 1200x
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Plate XXI.

Section of uninoculated control culture four days old.
Mag. 400x
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Plate XXII.

Section of six-day-old culture.
size. Note marked infiltration.

Area is of considerable
Mag. 400x
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Plate XXIII. High power of six-day-old culture. Two circumscribed
blood vessels are shown with proliferated cells. Note
the large mononuclear cells on the periphery of the tis-
sue. Mag. 1200x
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Plate XXIV. Infected cultures.

Figure 1.

Figure 2.

Same section as shown in Plate XXIII. Note
the slight yellowish tinge in the cells of the
upper left-hand corner. Mag. 1050x

Section stained with Weigert-Van Gieson. A
green elastic tissue fiber can be seen around
the lumen of the vessel. Mag. 800x
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Figure 2
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Plate XXV. Section of uninoculated control culture six days old. Mag.
400x
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Plate XXVI.

High power of section in Plate XXV,

Mag.

1200x
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SUMMARY AND CONCLUSIONS

1. The double coverslip of Maximow was used in a tissue
culture study of the reaction of splenic explants inoculated with

L. monocytogenes.

2. Medium 199, homologous plasma, and chicken embryo
extract did not depress the growth of this organism after remaining
in these fluids for seven days.

3. After 48 hours in tissue culture the bacteria could not
be demonstrated in artificial media unless the tissues were refrig-
erated at 4°C for several days.

4. Observations of living tissue cultures revealed that L.

monocytogenes was always motile. The organism did not suppress

the growth of the tissue.
5. Stained whole mounts of the tissue cultures revegaled cells

which contained many bizarre nuclear forms characteristic of the

granulomas produced in a disease of the newborn, granulomatosis

infantiseptica.

6. Serial sections of infected tissue cultures revealed a
granulomatous inflammatory reaction. The cells responsible for this
reaction appeared to arise from vascular sinus endothelium. This

100
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reaction was similar to that described for granulomatosis infanti-

seEtigg.

7. It is not known at this time if the granulomatous response

seen in the cultured tissue was specific for L. monocytogenes or if

it was produced as a result of a nonspecific irritant.
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