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Introduction

Almost three decades have passed since the first description of

the baeterium known as Listeria monocytogenes, The passing of twenty

eight years has added little to our knowledge of either the bacterium or
to the host of diseasses with which it has been associated, To many it

is thought to be of little or no economie¢ importance, It is often relegat-
ed to the class of laboratory curiosities, a bacterium that can produce

a high circulating monocytosis in the peripheral blood or a marked puru=-
lent conjunctivitis in & susceptible laboratory snimal, But to those

who have studied it closely it is a vicious killer, and the few who sur-
vive its attack are usually left with permanent physical or mental dew
fects. The constantly mounting evidence suggest that this bacterium is
actually widely distributed in nature and that all warm blooded animals
and man are susceptible hosts; indeed, all may be carriers., Still un-
known are the factors which dictate that in certain species infection re-
sults in encephalitis, while in others infection is manifested by septi-

cemia, or abortion, conjunctivitis or some other disorder,

Several factors contribute to the lack of knowledge of the genus
Listeria. These are an unewareness of the bacterium which often results
in its being discerded as a contaminating diphtheroid; the difficulty of
isolating it from certain animal tissues with the consequence that the
culture is reported as negative; the misconception that infection with
L. monocytogenes is rare; the inability to reproduce in the laboratory
some of the diseases with which it has been associated and the failure

to determine its natural reservoir.



II

It was felt that a through review of the world's literature deal=-
ing with infections with L. monocytogenes might reveal trends or clues
that would aid in the solution of the many unsolved problems surround-
ing the epidemiology and pathogenesis of the many forms of listeriosis,
It was also felt that a study of the colonial dissociaztion of L. mono-
cytogenes might lead to the recognition of additional cclonial forms;
forms that conceivably might be found in nature or in inapparent infec=-
tions, and thus 2id in the search to establish both the natural reservoir
and the mode of transmission from host to host, These were the goals --=

the results unfold on the following pzgesSe.



PART I

REVIEW



REVIEW

Listeriosis is one of the most recently described and least under=-
stood of all the bacterial infections of men, his domestic animals, and
the wild life which share his cities and farms, Hulphers, a Swedish work-
er, appears to be the first to record an encounter with the causative
agent, Listeris monocytogenes., In 1911 he isolated a bacterium from the
necrotic liver of a rabbit, and his description of the organism, publishe-

ed in Svensk Veterinartidsskrift, corresponds very closely to that of

L. monocytogenes., No doubt the small epidemic of meningitis reported by

Atkinson in 1917 also was due to this bacterium. The case reported by
Dumont and Cotoni in 1921 was confirmed by Cotoni in 19/2 as due to L,

monocytogenes. These reports indicate that infections with members of

this genus were known prior to its first description in 1926 by Murray,
Webb and Swann. They isolated the bacterium from the liver of rabbits

and guinea pigs and named it Bacterium monocytogenes, The following year

Pirie (1927) reported isolation from the liver of the African jumping

mouse (Tatera lobengulae) of a bacterium which he nemed Listerella hepato-

lytica, The first recognized association of this bacterium with infection
in man was in 1929 when Nyfeld in Demmark isolated it from the blood of

patients with infectious mononucleosis,

Matthews (1928) reported an outbreak of encephalitis of unknown
etiology in cattle which very likely was listeriosis, But the first re-
ported isolation of L. monocytogenes from a domestic animal was by Gill
(1931) in New Zealand., He isolated the microbe from the brain of sheep

and established the relation of this microorganism to the etiology of



®eircling disease* , @ name still often applied erroneously to listeriosis.
Pletnova and Stiksove (1950) claim its isolation from pigs in the Soviet

Union as early as 192,

In recent years infections with this bacterium have become so wide
spread that today it is considered to be the eleventh in economic importance
emong the diseases of domestic animals, Its proper place in humen medicine
has not yet been determined, but with an increased awareness of the
disease, and the mounting number of case reports, it may eventually be
of far greater significance than previously suspected. The role of wild
life in the spread of the infection is still to be determined, but judg-
ing from the numerous species from which it has been isclated, it would
appear that it may have en important part, If man is to proiect himself,
end also his domestic animals and wild life from this infection which
very often kills or leaves its victims physical or mental cripples, it
is imperative that a complete study be made to determine effective methods
of diagnosis, mode of transmission, methods of treatment and a system

of control.

Until 1940 there was considerable confusion in the nomenclature of
this bactérium due to the interchange of the generic names Listerella
and Listeria, Pirie (1927) chose Listerella as the generic name in honor
of Lord Lister, the well known pioneer in the field of bacteriology.
However, this name had already been applied to a group of slime molds
(Mycetozoaire) by Jahn (1906). Bacterium as applied by Murray et al.
(1927) was undesirable because the microbe did not possess the character-

isties of this genus{ In 1936 Mesnil proposed that in all duplication

of generic names, only the one first aprlied should be considered valid,
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This resolution was adapted by the commnittee on nomenclature of the
Third International Congress for microbiology, New York, 1939, (Prevot,
1944). This invalidated the generic name proposed by Pirie and in 1940

he proposed the name Listeria, which was adopted in the sixth edition of

Bergey's Manugl of Determinative Bacteriology (1948), and is now the
official generic name, Wilson and Miles (1948) in the third edition of
Topley and Wilson's Principles of Bacterioclogy and Immunity, employed the
generic neme Erysipelothrix., This was based on the work of Barber (1939)
who showed that there were striking similarities between Listeria and
Erysipelothrix, It is hoped that these authors will conform to the newer
nomenclature in their next edition. The species name monocytogenes is
based on the fact that large numbers of monocytes are often found in the
peripheral blcod of both naturally and artificially infected animals,
Other synonyms in addition to those already mentioned are: Bacterium
hepatis (Hulphers, 1911); Listerella monocytogenes hominis (Nyfeldt,
1932) Corynebscterium parvulum (Sch@ilz et al., 1934) Cornybacterium

infantisepticum (Potel, 1950) and Listeria infantiseptica (Potel, 1952).

Listeria monocytogenes is a small gram positive, non-spore forming
diphtheroid-like rod. It is very easily c¢onfused with members of the
genus Co ebacterium, and no doubt often has been discarded as a "con=-
taminating diphtheroid”, Several reports in the literature bear this out
(Atkinson, 1917; Tesdal, 1934; Marcellus et al., 1936; Kennedy, 1947;
Fotel, 1950). It is extremely resistant to heat (Ozgen, 1951; Zink et al.,
1951) and dessication, but is killed by most of the common disinfectants
(Kaboyashi, 1951)e It is easily cultivated on the common bacterial

media, Difco* tryptose agar affords an excellent substrate for growth

*Difco Laboratories, Inc., Detroit, Mich.
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and preservation of cultures. It is aerobic to microaerophilic and when
grown at room temperature exhibits a peculiar tumbling motility which
usually is absent when grown at 37° C. On blood agar it is beta hemolytic
and is not known to produce either endo- or exotoxins., Intravenous in-
oculation of rabbits, guinea pigs or mice stimulates the formation of a
high percentage of circulating monocytes. Most strains produce a character-
istic conjunctivitis and keratitis when instilled into the conjunctival

sac of the rabbit, The monocytosis and conjunctivitis often are used for

quick identification of suspect-cultures,

The various forms of listeriosis are widely distributed aend have been
reported from all continents, The disease is most commonly found in the
temperate zone and has not been reported from the tropics, In the United
States it has been reported in all but a few southern states., In Canada
it has been reported as far north as the Hudson Bay country. Sheep,
cows, and goats appear to be the most susceptible species, Man, chickens,

rodents, vigs, horses and dogs follow in that order,

The epidemiology of listeriosis .in both animals and man is obscure,
and the natural reservoir of L. monocytogenes has never been determined,
However, there are strong indications that rodents, swine or fowls may
play a part in transmission. The role of insects and parasites often
has been suggested, but supporting evidence is lacking. It also may be
that this bacterium is widely distributed in nature, perhaps in the form
of a s0il bacterium or as a saprophyte and becomes a pathogen only when
the host is subjected to certain physical or physiological stress.,
Iisteriosis in ruminants is most prevalent between November and Aprii

and seldom occurs during the summer, The only exception to this is the
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report of Khalimbekov (1952) who found that in Azerbai jan the disease

is most prevalent during the hot summer months. Records kept at the
Michigan Agricultural Experiment Station indicate that the number of
outbreaks inecreases two to four days following sudden drops in tempera=-
ture or heavy snoow falls, suggesting that climate may play a part. Usual-
ly ocutbreaks fall off rapidly when animals have access to green pasture.
The feeding of ensilage was suggested by Olafson (1940) as a predisposing
factor in susceptibility. However, in an investigation of this, Olson

et al. (1953) could draw no definite coneclusions. The possibility of a
virus as a "trigger" mechanism has been suggested but not confirmed

(Olson et al., 1951; Seeliger and Leineweber, 1952; Geurden and Devor,

1954).

The mode of entry in the host in all forms of the disease is obscure.
Enteritis often is found in encephalitic listeriosis, but it is unlikely
that food or water can be incriminated., With the exception of mice, it
is almost impossible to infect artificially an animal by the oral route.
The often present rhinitis supports the possibility of entry through the
upper respiratory tract. Pallaske (1940) on two occasions successfully
isolated L. monocytogenes from the nasal exudate of ewes with listeriosis,
The conjunctivitis often found in listeriosis suggests that the eye may
play a part in transmission (Van Driest, 1948; Slooff, 1948; Beute et al.,
1948; Gray et ale, 1951). Graham et al. (1943) and Gray et al. (1948)
each reported one instance where the encephalitic form of the disease
developed in a pig and rabbit respectively, following ocular instillation.
Asahi and Hosoda (1952) successfully produced symptoms and lesions of

listeric encephalitis in both goats and rabbits following ocular instil-
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lation of culture. Also postulated is entry through skin breaks and
survival in the host until stress creates an eanviromment favorable for

the disease (Seeliger et al., 1952).

Eveleth et al, (1953) found that when healthy sheep are imported
from infected flocks into non infected flocks the disease often appears
in the new flock although it may be several months before symptoms are
observed., Gray et al. (1951) reported that cows from the same southwest-
érn feeding ranges developed the disease at about the same time when
introduced into northern feed lots, even though the lots were widely
separated from each other, but subject to the same climatic conditions,
These findings strongly suggest that some animals may be non clinical
carriers, and one should use caution when introducing new animels into
a flock or herd. Further support for this is the fact that many domestic
animals display high agglutinating titers for the bacterium (Belin, 1946;

Graham et a2l., 1943; Hirato et al., 1954; Potel, 1954).

It is relatively easy to isolate L. monocytogenes from the liver

or other organs in the septicemic or abortive form of the disease, pro=-
vidgd a fairly large inoculum is used, as it has been found that the
number of organisms present may be small, For an unexplained reason,

it is difficult to isolate the bacterium from the blood of both naturale
ly and artificially infected animals, This tissue should not be used

for isolatiép attempts if other organs are available,

In attempting to isolate L. monocytogenes from the encephalitic

form it is essential that cultures are prepared from the medulla oblongmta.

Spencer et al. (1944), Olson et al. (1953a), and Hirato et al. (1954)
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found the number of organisms ip this portion of the brain to be far
greater than in any other area., The method of isolation found to be
most sucecessful is a modification of a technique described by Biester
and Schwarte (1939) and consists in asepticelly macerating a fairly

large portion of the medulla in a sterile mortar or Waring blendor to
which has been added 10 to 15 ml sterile distilled water or broth.
Approximately 0,2 ml of the resulting suspension is plated on a tryptose
agar plate and incubated 18-24 hr at either 37° C or at room temperature,
With this technique it is relatively easy to isolate the microorganism
from sheep or goats, but often cultures prepared in this manner from

the bovine remain sterile., In this event the prepared medulla suspension
should be refrigerated for several days or weeks and replated, With the
employment of this technigue, Gray et al. (1951) were able to demonstrate
the bacterium in large numbers in all instances where the disease was
suspected and where tissue sections revealed lesions characteristic of
listeriosis. These findings have been confirmed by a number of investi-
gators (Bein, 1951; Van den Schaaf et al., 1951; Zink et al., 1951;
Seeliger and Linzemmeier, 1953; Geunden and Devor, 1954), The number

of colonies which develop in initial cultures from the bovine is always
small compared to those of the initial isolation from the ovine or
caprine. Gray et al. (1948) suggested that this phenomenon may be assooi-
ated with a bacteriostatic factor in the bovine brain which may account
for the greater resistance to the disease displayed by cows, Tiszue
sections reveal the bacteria to be incarcerated in the focal lesions

and often intracellularly in the macrophages and glial cells, This

makes it essential that the medulla be ground,

Pallaske (1940), Belin (1943) and Olson et z2l. (1953) reported
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the successful isolation of L. monocytogenes from the liver and spleen
“of sheep with encephalitic listeriosis, The number of colonies which
developed was always small, No similar findings are reported for

cattle, Except in man, antemortem isolation is unreported,

Olson et al. (1953b) compared the efficacy of various isolation
techniques in attempts to isolate L. monocytogenes from the brain and
other organs of both naturally and artificially infected sheep, These
techniques included duplicate cultures from each organ, inoculation of
mice with suspensions of suspected tissue, storage of ground tissue in
glycerine, centrifugation and selective media, The best results were
obtained by grinding duplicate samples of fresh tissue, With this
technique in another study Olson et al. (1953a) successfully isolated
L. monocytogenes from the brain of 94% of the sheep brains cultured.
Unfortunately they did not include in their study the refrigeration
technique described in the preceding paragraphs which gave 100% isola=-
tions from sheep brains which showed perivascular cuffing and focal
necrosis characteristic of listeric encephalitis., (Gray et al., 1951).
In respect to the potassium tellurite medium described by Gray et al.
(1950), Olson et al. (1953) found inhibition of many individual strains.
This finding has been confirmed in unpublished studies and limits to

a marked degree its use in isolation attempts,

The inoculation of rabbits or Guinea pigs with tissue suspensions
or body fluids suspected of harboring L. monocytogenes has been em-
ployed with success in the Soviet Union, With this technigque Gudkowa
and Sacharoff (1946) and Bilibin (1949) demonstrated the presence of
L. monocytogenes in the blood of patients with an infectious mono-

nucleosis-like syndrome and who showed rathci bigh asgglutinating anti-
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boéy titers against the specific bacterium, In view of the existing
difficulty in successfully isolating L. monocytogenes from blood, there
is & need for wider application of this technique in both human and

veterinary medicine,

At present encephalitis in ruminents is the form of listeriosis
most frequently recognized and is of greatest economic importance.
It generally occurs during the period from late November to the first
of May, and is most prevalent Guring February and March. It may affect
animals of all ages although there are indications that the young are
more susceptible than older animals., Encephalitis without septicemia
is unknown before the rumen is functionml, It may affect both sexes
but there is evidence that pregnant ewes are infected more frequently
than non-pregnant, Beef cattle appear to be more susceptible than
dairy cattle. The higher incidence in beef cattle may be explained by
the fact that generally they are exposed to a more vigorous winter

environment,.

In sheep and goats the disease is extremely acute and death may
occur in four to 48 hr after appearance of symptoms. Some survive
several days. Recovery is rare in sheep and goats that show definite
symptoms of infection., Mortality may range from three to 30% or more,
Recently attention has bheen focused on a more chronic¢ non-fatal form of
encephalitis in sheep, This usually occurs simultaneocusly with the
more typical form. Many of these enimels are said to recover, but until
a better antemortem diagnosis is developed it can not be stated definite-
ly whether these sheep have had listeriosis or not, If they are actual-

ly infected with L. monocytogenes, there is the possibility that they
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may act as carriers for long periods of time, Further research is
needed to confirm or deny this hypothesis, For the present it appears
that such recovered animals should be eliminated from the flock as quick=-

ly as possible,

In cattle the disease is more chronic in nature and most cows sure
vive from four to 14 days., Pounden gt al, (1947) reported one of the
few acute outbreaks in cattle in which deaths were sudden and a high
percentage of the herd was affected., Usually no more than eight to
10% of a herd is affected, Spontaneous recovery may often be observed
in cattle (Biester end Schwarte, 1941; Jensen and Mackey, 1949), but
many of these animels, and also those which respond to therapy, show
evidence of permanent brain damage. These animals are unsightly and
unable to compete with the rest of the herd, This presents no particular
problem in either masnagement or rublic health in beef cattle unless
they continue as carriers, which is not yet established, but does have

esthetic disadvantages in dairy herds,

The symptoms in sheep, goats and cattle are similar and differ only
in severitye. At the onset the infected animal usually separates itself
from the rest of the herd. It appears depressed, confused and indiffer-
ent to surroundings, Then follows incoordination and tortieollis,

Often local paralysis of the facial and throat muscles interferes with
swallowing and results in marked salivation and drooping of one or both
ears, Intermittent twitching of these muscles is often observed, but
frank convulsions are rare. There is often strabismus, conjunctivitis
and the animal may appear blind, A marked nasal discharge, anorexia and

a temperature of as much as 108° F or more are common. In the early
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stages the animal tends to crowd into a cormer or lean against stationary
objects as if unable to stand unsupported, If the animal walks it often
moves in a circle, and if it circles, it is always in the same direc-
tion, Only a small percentage of the animals with listeric encephalitis
show this symptom. In the terminal stages the animal falls and can not
get up unassisted, When it is down there &re generally involuntary and
aimless running motions, The head, neck, and fore legs usually are

more tense than the posterior part of the body. Visciousness is not

seen except occasionally in ecattle, It is unlikely that all these
symptoms would appear in any one animal, Many cows show only an inability

to swallow due to paralysis of facial and throat muscles.

Antemortem diagnosis of listeriosis is virtually impossible as
there is no satisfactory diagnostic test. Listeriosis can be confirmed
only by isolation and identification of L. monocytogenes. Some progress
is being made toward developing a serological test, especially in human
medicine, in Germany (Seeliger, 1953). The blood picture usually shows
no variation from normal and the peripheral monoeytosis often found in
man, rodents, and artificial infections seldom is seen in infected

ruminants,

In man L. monocytogenes has been isolated on numerous occasions by
means of spinal punecture, This technique applied to sheep and cattle

has thus far resulted in fgilure.

It has often been demonstrated that clinical symptoms alone are
not satisfactory as a diagnostic criteriom. Subsequent deaths follow-
ing similar symptoms in the same herd after positive diagnosis may be

presumed to be listeriosis., However, even this often proves unreliable
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particularly in sheep flocks where listeriosis, enterotoxemia and ketosis
may occur simultaneously and be distinguished only at necropsy. In
listeriosis there are no distinguishing lesions such as the fatty liver
in ketosis and the characteristic hemorrhages of enterotoxemia., Acetone

may be found in urine of enimals with listeriosis as in ketosise.

Listeriosis in cattle may often be confused with rabies, poisoning,

acute gastroenteritis, ketosis, Aujesky's disease, or viral encephalitis.

The encephalitic form of listeriosis occasionally may occur in
swine, It has been reported by Biester and Schwarte (1940), Eveleth
et al. (1953a) and in an atypical form by Helmboldt et ale. (1951)e In
most instances when pigs chow symptoms suggestive of listeriosis cultures
prepared from the brain remain sterile even efter long pericds of re-
frigeration, The lesions found in the medulla oblongata of these pigs
differ from the usual ones characterizing listeriosis, and more closely
resemble those of one of the viral infections., It is very possible

that these symptoms and lesions indicate a neural manifestation of hog

cholera.

Usually there are no detecitable gross lesions in animals that die
with encephalitic listeriosis. Rarely slight clouding of the meninges
or pin-point greyish white foci may be observed. There may be slight
congestion of the brain and a few sheep brains show marked congestion.
Usually there is an increase in the amount of cerebrospinal fluid.
Lesions in other viscera sre rare but occasionally fatty liver, duodenitis
or pulmonary edema are seen., FPallaske (1940) reported marked focal
hepatic necrosis in an adult sheep. These lesions have not been report-

ed for cattle.
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It has been well established that the microscopic lesions are cone
fined primarily to the pons, medulla and anterior spinal cord. Both
the white and grey matter may be involved. It is felt that the primary
lesions develop in the brain substance and that the meningeal lesions
- result from extension, The predominant lesions are marked perivascular
cuffing with varying degrees of focal necrosis. The perivascular cuffs
consist mainly of mononuclear cells in all species of ruminants, How-
ever, Gray and Moore (1953) reported marked differences between sheep
and cows in the cellular constituents of the foeal lesions. In sheep
and goats the foci contain a preponderance of polymorphonuclsar leuko-
eytes and in some instances may appear purulent, Both Olafson (1940) and
Pallaske (19)0) call attention o the purulent nature of the lesions in
sheep, In some instances the normal parenchyma may be almost completely
disintegrated., There is edema and hemorrhage, and neurons in the afe
fected areas show various stages of degeneration, Neuronaphagia also
may be present, The blood vessels are congested, frequently contain
thrombi and show degenerative changes particularly of the endothelial

lining,

In cattle the perivascular cuffs are much smaller and the focal
lesions usually are limited to edema and small focal collections of
microglial cells and lymphocytes, Rarely are lesions as extensive as
reported for sheep, This reemphasizes the more chronic nature of the

disease in cattle,

L. monocytogenes is never found in the perivascular cuffs but
quite readily may be demonstrated in the focal lesions in sections

stained by either the Goodpasture or Gram-Weigert method., The bacteria
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occur most frequently near the periphery of the focal lesion and may
be either extra- or intracellular, In cattle they tend to occur singly

or in small clumps, while in sheep they may form dense plagues.

The known reported outbreaks of listeric encephalitis in sheep,

goats and cattle are shown in tables 1, 2, 3, pages28 to 3],

Stockton et al. (1954) reviewed the subject of abortion due to

et
L. monocytogenes, In addition to the outbreaks cited by these authors
the following reports should be included, Poppensiek (194}) isolated
& gram positive rod which differed oniy slightly in certain biochemical
reactions from L., monocytogenes. Jansen (1945) reported abortion in
the rabbit. ILevy et al. (1952) descfibed two outbreaks of abortion in
cattle, and van Ulsen (1952) reported the isolation of L. monocytogenes

from three aborted bovine fetuses. The known reported cases of abortion

in all species is shown in table L4, page

This form may be more prevalent than is generally suspected, and
presents a broad field for further research. Olson (1945) and Ferguson
(1951) suggested that this bacterium may be a normal inhabitant of the
female genital tract, but this has not been confirmed., Gray and McWade
(1954) in one instance were able to isolate this agent from the cervix
of a soecalled repeat=-breeder cow showing symptoms of nymphomania,
Repeated attempts to reisolate the bacterium from this cow resulted in
failure but it does establish L, monocytogenes as a transient inhabitant
of the femmle bovine genital tract, Furthermore Levi et al. (1945) en~
countered lesions in the uterus and spleen but not in the central nervous
system of one heifer slaughtered two and a half months after abortion

and L. monocytogenes was recovered from the ovary on the side where the
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pregnancy had occurred; thus indicating that the bacterium may survive

for relatively long periods of time in the bovine reproductive tracte

In cattle abortion usually occurs between the fourth and seventh
month of gestation and the bacterium can be isclated from the liver,
blood, fetal membranes and most commonly, from the abomasal contents of

the fetus,

Gray et al. (1954) reported a condition in cattle which appears to
be similar to the outbreak of human abortion reported by Potel (1953),
and others (table L, page 33). They observed instances in the same
herd where the calves were born at or near term but lived only a few
days if born alive., The living calves always were weak and some showed
a marked bloody diarrhea. L. monocytogenes was isolated in pure culture
from the liver of eight calves and microscopic focal hepatic lesions
were demonstrated in two calves not cultured. At necropsy the most con=
spicuous alteration was marked hemorrhagic gastritis and enteritis,
Some calves showed a few pinpoint necrotic foci in the liver. A similar
condition was reported in one calf by Harbour (1941), At no time was
L. monocytogenes isolated from the dam, but intrauterine infection was
strongly suggested. A similar condition in lambs has been reported by
Jepsen (1942) and Gray et 21. (1949). The role of L, monocytogenes in
the early death of calves and lambs needs further investigation., It
may be that this bacterium plays a far more important part in disorders

of the very young than previously suspected,

In sheep abortion occurs at or near term and isolations can be
made from the same organs as in the bovine, As in the bovine, there

are no distinguishing lesions to suggest the etiology. Abortion and
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encephalitis are not known tc occur simultaneously in the same flock or
herd., With the present paucity of information it can not be stated
whether L. monocytogenes plays a primary or secondary role in these abor-

tions,

It has been shown that L. monocvtogenes can attack a wide range of
avian species. Besides being isolated from the chicken (table 5, page 35)
it has been isolated from the canary (Bigland, 1950; van der Schaaf and
de Jong, 1951), duck and goose (Zeller, 1949) wild wood grouse (ILilleenw
gen, 1942), and blue eagle (Schulze, 1950), In fowls the disease occurs
ag a septicemia and the most conspicuous lesions are massive areas of
myocardial degeneration, pericarditis and an increased amount of perie-
cardial fluid, Other lesions may be focal hepatic necrosis, generalized
edema, splenomegalia, peritonitis and enteritis, In acute cases the
necrotiec lesions are less marked and one only finds the lesions usually
assogieted with a septicemia, The bacterium is easily cultivated from

the abdominal organs,

As in other species, the young fowl appears to be more susceptible
than the older bird, Outbreaks are usually sporadic and mortality in
the individual flock may very within wide limits, There are no specific
symptoms in chickens with this disease. Adult birds usually die sudden-
ly while in the young there may be a slow wasting before deathe. There
is disagreement as to whether there is a circulating monocytosis before

death.

It has been suggested that L. monocytogenes often is a secondary in-
vader, Infections have been associated with salmonellosis, lymphomatosis,

and Newcastle disease (Paterson, 1937; Bolin and Turn, 1951)., It has
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been isolated from the spleen of apparently normal chickens (Felsenfeld,
1951)., Geurden and Devos (1952) reported, but without strong support,
that latent infection may be more frequent than suspected and that these
latent infections may play an important part in epidemiology. They also
showed that sparrows and pigeons could be infected artificially and thus
may play a part in transmission, Pigeons previously had been reported
to be refractory to artificial infection with L. monocytogenes (Verge
and Goret, 1941; Lesbouyries, 1943). These authors suggest the egg as

a possible source of infection. They isolated L. monocytogenes from ex-

tensive necrotic lesions in the oviduet of one hen., Unfortunately, no
eggs were available for culture, but egg infection does present an ine
teresting epidemiological implication, They feecl that contact plays only

a very small part, if any, in the transmission of the disease in poultry.

The presence of latent carriers in a chicken flock presents a de=-
finite public health hazard., Felsenfeld (1951) reported an outbreak of
listeric conjunctivitis in workers in a poultry processing plant. FHe

igolated L. monocytogenes from the spleen of five apparently healthy birds

which were being processed at the plant. It was found that these birds
originated from a poultry farm where Graham ¢t sl. (1943) had diagnosed
listeriosis some years before, This perhaps is the only instance where
a definite mode of transmission could be established, and also the only

report that gives definite information that L. monocytogenes may persist

on the same premise for long periods of time,

Listeric septicemia is found most commonly in the monogastric animals,
It has been reported in pigs (DeBlieck and Jansen, 19)42; Kerlin and Grahem,

1945), rats (Machiavello, 1942), groundmoles (Levy, 1948), raccoons
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(Gifford and Jungherr, 1947), Lemming (Plummer and Byrne, 1950; Barrales,
1953), chinchilla (Kennedy, 1947; McKey et al., 1949; Shalkop, 1950;
Smith, 1953), foxes (Cromwell et al., 1939; Wramby, 1945; Jansen and
Peperkemp, 1947), domestic and wild rabbits (Hulphers, 1911; Murray et
al., 1926; Paterson, 1940; Henricson, 1943; Lesbouyries, 1943; Jansen and
van der Hurk, 1945; Gudkowa and Sacharoff, 1946; Schoop, 1946; Vallee,
1952), guinea pigs (Murray et al., 1926; Viera and Castelo, 194, Gudkowa
and Sacharoff, 19463 Roine et al., 1953), and horses (Grini, 1943; Krage,
194l ;3 Svenkerud, 1948). The principal lesion is focal hepatic necrosis,
In most instances a circulating monocytosis can be demonstrated in the
peripheral blood a short time before death., With the exception of the
report of Plummer and Byrne (1950), no information is available dealing
with alterations in the central nervous system in these cases., They fail-
ed to find microscopic lesions in sections prepared from the medulla of
one lemming, This form also has been found in young lambs (Jepsen, 1942;
Gray et ale., 1949) and calves (Harbour, 1941; Gray et al., 1954) before

the rumen is functional,

Gudkowa and Sacharoff (1946) indicated that rodents constitute a

reservoir for the infection. They claim that L. monocytogenes is widely

distributed in mice, rats and rabbits, and that they were able to isolate
the bacterium from the masal mucous membrane of 0,5% of all healthy rab-
bits, However, this has not been confirmed and both Olafson (1940) and
Creham et al. (1943) failed to isolate L._monocytogenes from any of a
large number of rats caught on farms where outbreaks of ovine listeriosis

were in progress,

There is no satisfactory explanation as to why localized encephelitis
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does not occur in these animals, Gudkowa and Sacharoff (1946) postulate
@ difference in adaptation in the strains which produce encephalitis and
those Which produce either septicemia or infectious mononucleosis and
that the particular disease produced is a manifestation of the specific
adaptation, They report that passage through the brain of laboratory
animels increased the virulence of the strain for brain tissue, Such
strains may produce encephalitis following intramuscular or intravenous
inoculation but soon lose their affinity for brain tissue after repeat=
ed inoculation by these two methods, They found that strains passed
through brain tissue lose their ability to ferment sucrose and lactose
and the fermentation of these substances may be an index of affinity for
neural tissue, It is well established that there is wide strain differ-
ence in ability to ferment sucrose and lactose but further research is

necessary to confirm the relationship expressed by them,

Also unexplained is the occurrence of large numbers of monocytes in
the circulating blood of infected monogastric animals and the apparent
absence of this c¢ell in the blood of ruminants, The development of a
monocytosis following intravenous inoculation in the common laboratory
animals is such a specific reaction that it has been described in the
species name of the bacterium; ®"monocytogenes® , generator of monocytes,
However, Olson et al. (1950) failed to find an increase in the number of
monocytes in the blood of sheep following intravenous exposure, They
found that the polymorphonuclear leukocyte was the predominant cell under
these eonditions, Also most investigators have failed to find monocytes

in the blood of ruminants affected with encephalitic listeriosis,

The monocyte producing factor (MPF) of L, monocytogenes was found



by Stanley (1949) and confirmed by Girard and Murray (1951) to be a
non-antigenice lipid fraction of the bacterial eell, This MFF was found
to be liberated chiefly in the liver and Seitz filtered saline extracts
of necrotic liver produced monocytosis in rabbits., Similar extracts
prepared from other infected organs or normal liver failed to elicit
response, Resistance in the ruminant liver to this response may explain
in part at lest, the failure of L. monocytogenes to localize in the liver
of adult ruminants, Failure to localize in this organ may result in
localization in the brain, However this speculation requires further

investigation as very little has been done in this field to date.

Septicemia in the adult ruminant has been reported but is rare

(Pallaske, 19403 Belin, 1943; Olson et al., 1953&; Hirato et al., 1954).

The various medicements for the treatment of listeriosis were re-
viewed by Gray and Moore (1953) end Linzenmmeier and Seeliger (1954) re-
ported extensive in vitro studies of the effect of the various sulfonsmides
and antiobiotics against L. monocytogenes, The various antibiotics and
sulfonemides differ greatly in their effectiveness on individual strains
of L, monocytogenes. Penicillin was shown to be highly variable, and
mey be most effective when combined with one of the sulfonamides, Gray
et al. (19492) found that streptomycin in low concentration inhibited the
growth of L. monocytogenes, but the microorgenism wvery quickly developed
a resistance to it, It is possible to produce a streptomycin-dependent
strains of this bacterium. In vivo studies showed this antibiotic to be

ineffective, Aureomycin and terramycin were found to be highly effective

in both in wvitro and in vivo studies (Zink et al., 1951; Norman et al.,

1951)



The report of Gray and Moore (1953) is one of the few devoted to
trials of an antibiotic under field conditions, These authors treated
with aureomyein 13 sheep and 25 cows suspected of being affected with
listeriosis. In the dosage used (1.25 gm I.V, per day for four days
for sheep and 2,50 gm I.V, per day for four days for cows) the antibiotic
was ineffective for sheep but did have some therapeutic value for cows,
Only one sheep survived the four day treatment period, Many of the cows
which recovered following treatment later showed symptoms suggestive of
permanent brain demage, In several instances owners disposed of the
animals soon after treatment, OSome animals appeared to recover but
suddenly relapsed and died. It was possible to demonstrate microscopie
lesions in the brains of several animals sent to slaughter aspproximately
one year after treatment, In sheep, brain damage appeared to be too ex-
tensive for the antibiotic to be effective, In cattle where alterations
in the brain are less severe, treatment may be effective if initiated
early., The owner should be mede aware of the fact that symptoms may
persist if the animal survives. This is no particular problem in beef

cattle but presents numerous difficulties in a dairy herd,

The failure of therapy once symptoms are evident, emphasizes the
need for a prophylactic agent if livestock are to be protected against
this disease., Graham et al. (1940) found that both living and formalin
killed baecterins had no effect on the course of infection in sheep., The
results of Olson et al. (1951) who used both bacterins and whole blood
from a recovered sheep were not very encouraging, However, Eveleth et
al. (1952) have employed a conmercially made vaccine for the past several
years and report some benefit from its use., The use of bacterins for

cattle is unreported, However, further research is necessary in this area,
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The high mortality of listerioszis in man makes it imperative that
all suspected materisl be handled with caution, This is especially true
during necropsy of aborted fetuses and septicemic cases where the number
of orgenisms is apt to be very high, In the encephalitic form the bace
teria are generally confined to the brain and present little danger une
less the brain is removed. Pallaske (1940), Belin (1943) Olson et al.
(1953) Hirato et al. (1954), found the bacteritim in the liver and spleen
of a few adult sheep, This has never been reported in the cow, However,
meat from animals showing evidence of active infection should not be
used for human consumption., On the basis of observations in laboratory
animals and field observations, Gray and Moore (1953) suggested that
recovered animals are safe for food at least three weeks after abatement
of symptoms. Under laboratory conditions L. monocytogenes seldom has
been found to persist in an exposed animal for more than two weeks, and
usually not more than five or six days., However, oc¢casionally L. mono-
cytogenes can be isolated from a localized lesion long after initial

exposure (Levy et al., 19523 Thompson, 1954). If this also occurs under

field conditions, it may account for the presence of carrier animals,

In man listeriosis usually occurs as meningitis (table 6, page 36).
The incidence very likely is much higher than published reports indicate.
There are no distinctive symptoms in the meningeal form and it easily
can be confused with meningitis of other etiology. However, attempts

to isolate L. monocytogenes from the spinal fluid have been quite suce

cessful, This presents a definite aid in diagnosis which is lacking in
ruminants, The mortality due to this form of listeriosis is about 70%
and either physical or mental defects are common sequel to infection,

less serious is the conjuntival form, This is usually a local infection
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followed by complete recovery (Felsenfeld, 1944; Bilibin, 1949; Pletneva
and Stiksove, 1950; Shmeleva, 1953). Pletneva and Stiksove (1950)eall
attention to the similarity of this form of listeriosis and the ocular
form of tularemia, both in the lesion which develops and the fact that
both appear to be carried by animals, A low grade septicemic form charac-
terized by chills, fever, rash and swelling of the lymph nodes has been

reported from the Soviet Union by Bilibin (1949) and Pletneva and Stiksove

(1950).

The relation of L. monocytogenes to infectious mononucleosis has

been reviewed by Benazet (1943), Stanley (1949) and Girard and Murray
(1951). The results of these investigations indicate that the relation,
if any, of this bacterium to the disease is obscure, Further work is

necessary also in this area,

The role of L. monocytogenes in human abortion has been touched
on in an earlier section and is expanded in the work of Potel (1953),
Erdmann (1953), Stark (1953) and many others, The significant findings
of these reports are that in a vast majority of the cases, the women
were from rura) areas and included raw cow or goat milk in the diet,
This strongly suggests the mouth as the avenue of entrance in these
instances, On one occasion Potel (1953) isolated L. monocytogenes from
an atypical bovine mastitis, A woman drinking raw milk from this cow
aborted twins and L., monocytogenes was isolated from the liver of each,
Bacteriological examination of several hundred other milk samples failed
to yield significant growth, Wramby (194)) also reported the isolation
of this bacterium from a case of bovine mastitis, Mastitis due to this
orgenism presents a serious public health problem., The resistance studies

of Ozgen (1951) and Zink (1951) indicate that L. monocytogenes can survive
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high temperatures for long periods of time, and Ozgen (1951) indicated
that the bacterium can survive pasteurization, This factor should be
considered in case of any abortion or early infant death found to be

due to this bacterium,

Listeriosis does not appear to be a serious problem in canine popula-
tions, Graham et al. (1943) were unable to infect this species artificially.
Cox (1945) reported the isolation of L. monocytogenes from the mesdulla
oblongata of four dogs which showed symptoms suggestive of rabies, How-
ever, all tests for this disease were negative, All these occurred with-
in & period of several months, In the one case reported by Chapman (1947)
a differential leukocyte count made three days before death showed 25%
monocytes. Necropsy revealed meningitis and a few colonies of L. mono-
cytogenes were obtained from the meninges, pons and lateral ventriclee.
These appear to be the only reported instances of listeriosis in the dog.
Nevertheless, there is reason to suspect that the incidence might prove
to be much higher if the brains of all dogs showing nervous symptoms were

submitted for culture of this bacterium,

The horse also appears to be relatively refractory to infections
with this microorganism, Belin (1946) reported the isolation of L.
monocytogenes from the brain of three horses on the same farm within a
period of four weeks. The symptoms and lesions at necropsy were similar
to those found in other forms of meningitis. Zeller (1949) mentions
without elaboration two stains of L. monocytogenes isolated from horses

t 2l. (1952) described what appeared to be

et

with borna disease, Tabuchi
encephalitic or meningeal listeriosis in an adult horse, No cultures were

prepared, but tissue sections of the medulla revealed perivascular cuffe
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ing, focal necrosis and large numbers of gram positive bacteria. Sep-
ticemia in young foals was discussed earlier under septicemia in mono=-
gastric animals, The reported association of L. monocytogenes with

periodic ophthalmia (Jones, 1940) has never been confirmed,

L. monocytogenes also has been incriminated in several other con-
ditions which further emphasize the ubiquitous nature of the bacterium.
Felsenfeld (1948) recovered the microbe from the blood of a patient
with a low-grade fever and moderate enlargement of the cervical lymph
nodes following Cesarean section., Morris and Norman (1950) isolated it
from the liver of apparently normal ferrets. Slabospits'kil (1938)
isolated the microorganism from pox-like lesions in pigs. On two occasions
it has been isolated from the liver of pigs that obviously died from
other causes. Rhoades and Sutherland (1948) reported it in connsction
with an outbreak of hog cholera and Bolin and Eveleth (1951) made isola-
tions from the liver of pigs which died of lye poisoning. Instances such
as these strongly suggest that swine mey play an important role as carriers,
This may be speculation but does present intriguing implicaetions in the

epizoology of listeriosis.

The accumulated case reports give little suggestion to the actual
mode of transmission under natural conditions, The fact that in most
outbreaks, especially in animasl populations, more than one individual
was involved establishes the contagiocus nature of the disease, This was
clearly brought out in the report of Eveleth (1$52) who found that when
apparently normel sheep from infected sheep flocks were introduced into
new flocks, the disease often appeared in the new flock, In this manner
12 flocks became infected over a nine year period by introduction of

sheep from a single infected flock, Furthermore, in a study of 4l sheep
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flocks where listeriosis had occurred, Eveleth (1952e) found that in 30
of the flocks the disease appeared after introduction of animals from
infected flocks, In the remaining 1) cases sheep from flocks of unknown
history had been introduced during the year preceding the outbreak, PFPop-
pinsiek (1$4)ly) reported abortion in a ewe that was thought to be due to
L. monoeytogenes and that subsequently a cow grazing on the pasture where
the abortion occurred died from listeric encephalitis. Gray et al. (1951)
reported an instance where a sheep and a cow on the same pasture bcth
died from listeric encephalitis, The patient of Berry (1$50) who expired
with listeric meningo-encephalitis possessed a pet chipmunk which became
sick and died just shortly before the patient became ill, Most of the
patients reported by Gudkowa and Sacharoff (1946), Bilibin (1949), Plet-
neva and Stiksove (1950) and Shmeléva (1953) had contact with either
rats, mice, cat, dogs or othsr animals, but the contribution of these
animals to infection could not be determined. The report of Odegmard et
al, (1952) deserves special mention. The patient reported by them had
cleaned a sheep barn in which manure had accumulated during the winter,

A short time later when the patient suffered exposure as a result of a
storm he became ill and died of listeric meningitis., A short time later
one of the sheep in the late patient's sheep flock died of listeriec
encephalitis. When the remaining sheep were sent to slaughter, L.
monocytogenes could not be isolated from several sheep brains cultured,
This case not only implies contagion but also that exposure to adverse

weather conditions may be a predisposing factor in infection.

In none of the above cases could the role of carrier snimsls be

definitely established, but the circumstances demand that further work
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should be undertaken in an attempt to establish the part that carrier
animals play in the spread of infection. Until this is determined it
will be difficult to control the disease in both human snd animel popu-

lations.

The tables which appear on the following pages are
intended only as references to known outbreaks of
the disease, Except for the reports in man no at-
tempt was made to list the number of individuals
involved as such an attempt would be inaccurate at
best and serves no particular purpose. The date
indicated refers only to date of publication and
not to the date outbreaks occurred as many reports
covered several years observation. The primary
purpose of the tables is to show the wide distribu-
tion of L. monocytogenes and to present a readily
aveilable source of bibliographic material., They
do not include reports in the less commonly in-
fected species which have been cited in the text.
Neither included are review articles nor those
dealing with the characteristics of the bacterium

as suche, These will be included in a later studye.



Isolation of L. monocytogenes from sheep

Author
Gill
Doyle
Jungherr
Graham gt al.*
Morin
Biester & Schwarte
Dobberstein**
Olafson
Pallaske
Cross
Henderson
Hoffman
Jensen & Gay
Math & Morrill
Belin & Iagriffoul
Grini
Pomeroy et al.
Pothmann
Spencer gt al.

van Ulsen

- 28 -

Table 1

Year
1931
1932
1937
1938-19)42
1938
1939,1944
1940
1940
1940,1941,1943
941
1941
1941,1942
1943
1942
1943,1944
1943
1943
1944
1944
1944

*Summaerized by Graham et al. (1953).

»#Pound typical lesions but made no isolation attempts.

Country

New Zealand
UsA
USA
USA
UsA
USA

Germany

Germany
USA
USA
USA
UsA
USA

France

Norway
UsSA

Germany
USA

Netherlands
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Table 1 (cont,)

Isolation of L. monocytogenes from sheep

Author Year Country
Gifford & Jungherr 1947 USA
Gray et al. 1947,1951,1951a USA
Pounden & Edgington 1947 TSA
Ryff & Lee 1948 USA
Jensen & Mackey 1949 USA
Stoenner et al, 1949 USA
Eieland & Finborud 1950 Norway
‘Naerland 1950 Norway
Pletneva & Stiksove 1950 USSR
Pouska 1950 Czechoslovakia
Viswanathen & Ayyar 1950 India
Keboyashi 1951 Japan
Bain 1952 Canada
Eveleth 1952,1954 USA
Janos & Gyula 1952 Hungary
Khalimbekov 1952 Azerbai jan
Moll 1952 USA
Odegaard et al. 1952 Norway
Hirato gt al.* 195), Japan
MeGrath 1954 UsA

*Cites four references in Japanese,
Ta jima, M, Y, Fujimoto and M. Ishiguro. 1951. J. Vet, Med. 56: 75.
Sugawa, A and K, Miysiri. 1951. J. Jap. Vet. Med., Assoc. L: 80,
Hyogo, Ye 1951, Jape J. Vet. Sci. 13: 362.
Tabuchi, E, Yo Akiyama and T, Hosoda., 1952. Exp. Rep. Govt., Expe.
State. Animal Hyg., No. 25, 83,

Total reports - 4.
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Tgble 2

Isolation of L. monocytogenes from goats

Author zgg;‘ Country
King 19,40 USA
Clafson 1940 USA
Gifford & Eveleth 19/2 UsA
Jansen & van den Hurk 1943 Netherlands
Kaplan & Lager 1945 UsA
Gifford & Jungherr 1947 USA
Naerland 1950 Norway
Asahi et al. 1951 Japan
Hyago & Kato 1951 Japan
Keboyashi 1951 Japan
Gray et al. 1952 UsA
Khalimbekowv 1952 Azerbai jan

Total reports - 12,



Isolation of L. monocytogenes from cows

Author
Matthews*

Jones & Little

Olafson

Biester & Schwarte
Schwarte & Biester
Pomeroy et ale.
Poppensiek

Wramby

Hatch

Cole

Belin*#*

Boucher

Pounden et al.
Thorp et al.

Gray et al.

Fish & Schroder
Jensen & Mackey
Sellers et al,

Zeller

*Found typical lesions but made no isolation attempts,
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Table 3

Year
1928
1934
1938-1942
1940
1911
1942
1943
1944
1944
1946
1946
1946
1946
1947
1947
1948-1951
1949
1949
1949
1949

s=#Summarized by Graham et al. (1943).

**¥Symptoms only.

USA
USA
USA
USA
USA
USA
UsA
Swedlen
USA
USA
France
USA
USA
USA
USA
Canada
USA
UsA

Germany



Author
Bein
Chivers
Ward

Boyer et al.

Zink et al.

van der Schaaf et al.

Anderson

van der Schaef & de Jong

Geurden & Devos

MeGrath
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Teble 3 (cont,)

Isolation of L. monocytogenes from cows

Year
1950

1950,1951
1950
1951
1951
1951
1952
1952
1954
1954

Total reports « 30,

USA

USA

USA
Netherlands

USA
Netherlands
Belgium

USA



Table A

Isolation of L. monocytogenes from abortions

Author Year Country
Ovine
Paterson 1940 England
Poppensiek 194 UsA
Olson 1945 Sweden
Charles 1950 Australis
Eveleth et al, 1953 USA

Total reports - 5.

Bovine
Grahem et al. 1939 UsSA

. "Evans & Sawyer 1942 USA
Wramby 1942 Sweden
Olson 1945 Sweden
Ferguson et al. 1951 USA
Levi et al. 1952 Israel
van Ulsen 1952 Netherlands
Stockton et al. 1954 USA
Gray et ale.* 1954 USA

*Some born prematurally, others at term but born dead,

Total reports = 9.
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Table 4 (cont,.)

Isolation of L. monocytogenes from abortions

Author Year Country Cases reported
Human
Alex and Potel 1953 DDR ?
Erdmann & Potel 1953 DDR 10
Hsgemann & Simon 1953 DDR 14
Linzemmeier et al. 1953 Germany 1
Linzenmeier 1953 Germeny 2
Stark 1953 DDR I
Potel* 1953/1954 DDR** 40

71 as minimum
(almost all

are fatal)

Summary of numerous previous reports., Calls bacterium Listeris
infantiseptica,

*%*German Democratic Republiec.
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Table 5

Isolation of L, monocytogenes from chickens

Author Year Country
Seastone 1935 USA
Paterson 1937,1939 England
Belin* 1941 France
Cole 1941 UsA
Hurt et =l. 19 USA
Pallaske 9 Germany
Huffman & Lenarz 1942 UsA
Pothmann 194, Germany
Wramby 194k Sweden
Peperkamp & Jansen 1947 Netherlands
Sparapani 1947 Argentina
Bigland 1950 Canada.
Pletneva & Stiksove 1950 USSR
Bolin & Turn 1951 UsA
Chadkowski & Czarnowski 1951 Poland
Geurden & Devos 1952 Belgium
van Ulsen 1952 Netherlands
Thompson 1954 usa

*Found typical lesions but made no isolation attempts.

Total reports - 18.
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PART II

COLONIAL DISSCCIATION



COLONIAL DISSOCIATION
INTRODUCTION

From the literature review in Part I, it appears that L. mono-
cytogenes is extremely ubiquitous and suggests that this microorganism
is actuaslly widely distributed in nature, perhaps in the form of a
soil bacterium or as a saprophyte, and that only under specific condi-
tions does it occur as a pathogene. It is possible that failure to
isolate this organism from sources other than the animal body reflects
a fajlure to recognize it in a non-pathogenic form. Accordingly an ine
vestigation was carried out to determine how many different colonial

forms would develop under normal laboratory conditions,

The occurrence of wide variation in colonial morpholeogy between
virulent and non virulent strains within the same bacterizl species
was recognized early in the history of bacteriology., It was suggested
as early es 1877 by Nageli. Hadley (1927) published an extensive re-
view of the subject, It alsc formed the basis for the more recent re-
view of Braun (1947). Huddelson et al. (1952) recognized at least 71
variations within the three species of the genus Brucella. That fewer
variations are reported for other genera may be only a reflection of

less intensive study.

In spite of the rather extensive bibliography evailable for L. mono-
cytogenes, there is a paucity of information relating to its colonial
morohology. Webb and Barber (1937) appear to have been the first to
publish on this subject. They reported the existence of at least two

colonial forms designated rough and smooth. Barber (1939) in a comparative
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study of L. monocytogenes and Erzsigelethrix rhusiopathiae described

smooth, intermediate and rough colonial forms in each species, Paterson
(L940) in a study of the pathogenicity of L. monocytogenes for the develop-
ing chicken embryo found that three "rough" strains were non pathogenic
while " smooth" strains produced death in A8 hr, Grini (1943) reported

that an "avirulent" strain failed to kill rabbits when inoculated intra-
venously but produced a merked monocytosis in the circulating blood, No
mention was made of colony morphology. Sohir et ale. (1948) isolated a
"noh pathogenic" strain of L. monocytogenes from cooked beef, but did

not mention colonial characteristies, Several other French authors,

Verge and Goret, 194); Belin, 1946; Harvier et al., 1943; Sedallian et al.,
1948; called attention to the presence of "rough'" forms developing in " smooth"
cultures of this bacterium. Schoop (1951) observed "rough" colonies

which consisted of filamentous cells in one culture of 1L, morocytogenes.

t al. (1954) described two

Seeliger and Linzenmeier (1952) and Hirato
different colonial types designated "smooth" and “rough", but did not
elaborate on the two types, In genersl, all investigators who reported
the presence of rough forms called attention to the filamentous nature

of the cells of rough type colonies and their striking resemblance to

rhusiopathiae,

As far as can be determined none of these investigators employed
oblique lighting as described by Henry (1933), an invaluable technique
for studies of this type. Hunter et al. (1950) observed 19 colonial
variations by this technique in a culture of L. monocytogenes exposed to
beta particles from rgdio phosphorus, They found-that only a few of the
variant cultures differed essentially from the parent strain in fermentative

@bility, biochemical reactions, or antigenic structure., In general the
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variants showed greatly decreased pathogenicity for embryonating chicke
en eggs and white mice, No mention was made of the ability of the varie
ants to produce a circulating monocytosis in the infected mice. It
was found, however, that large intraperitoneal inocula of the least
virulent strains failed to protect white mice when six weeks later they

were exposed to a lethal inoculation of the parent strain,
MATERIALS AND METHODS

Twenty cultures of L. monocytogenes were employed in tiis studye
These included strains isolated from sheep, cows, goats and man, They
were sireaked on dry Difco* tryptose agar plates in such a manner that
both confluent and well isolated colonies developed. Approximately 20
ml of agar were poured into sterile Petri dishes, a2llowed to harden and
incubated at 37° C for 24 hr., They were incubated an additional 2} hr
at room temperature, The surface of the agar, then, was free of con-
densation and ready for use, A small platinum loop (1.0 mm diameter)
was used to inoculate the plates, This loop was sufficiently flexible
to prevent marring the agar surface. The culture to be examined was
streaked heavily along a quadrant of the plate, the loop then wes flamed,
allowed to cool and lightly touched in the previously incculated area
and the remainder of the plate inoculated with a light rapid series of
widely spaced streaks, The colony distribution of an ideally inoculated
plate is shown in fig. l. The plates were then incubated at 370 C for
24 hr and examined with a birocular scanning microscope equipped with a
1.5 objective and 10 X oculars, Oblique lighting was used at o1l times,
Several of the colonial types were virtually indistinguishable from each
other without this technique., The relation of the microscope to the

light source is shown in fig. 2.

*Difco Laboratories, Inc.,, Detroit, Michigan,



Fig. 1, An ideally inoculated agar plate showing both confluent
and well isolated colonies, S culture at 3 days.






Figs 2.

Arrangement of light source, mirror and binocular
scenning microscope. The lamp was tilted downward
at an angle of approximately 40° at a distance of
12.5 em from the flat surfaced microscope substage
mirror placed on a microscope slide box set in front
of the microscope. The green glass microscope stage
was replaced by a photographic plate from which the
emulsion had been removed. All cultures were ex-
amined with the Petri dish open.
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After the initial incubation at 37° C, the plates were allowed to
stand at room temperature until discarded. During the first week they
were examined daily for the presence of atypical growth. Thereafter they
were examined at irreguler intervals until the plate was either contamin-
ated or too dehydrated to permit further colonial development. The
typical smooth typs colony was designated *"S*, and any secondary growth
or sectors of dissimilar growth which appeared in the colonies was as=
signed a number beginning with one and reinoculated and incubated as
deseribed above, When any particular colonial form failed to yield
further dissimilar forms after several platings and long periods of
incubation, one of the colonies was transferred to a tryptose agar slant
and stored in the refrigerator at ° C until other tests were to be

carried out,

In some instences the smooth colonies were inoculated into tryp-
tose broth and allowed to incubate as described above, At appropriate
intervals these cultures were streaked on agar plates, incubated and

examined for the presence of dissimiler forms,

Several strains of both smooth and rough cultures were plated on
tryptose sgar to which 2, 3, 5~ itriphenyltetrazolium chloride was added,
A 1.0% stock solution of this salt was prepared in distilled water and
autoclaved for 15 min at 1150 Ce One ml of this solution was added to
100 ml of melted sgar, mixed well and plates prepared as descrilbed above.
Cultures also were inoculated into tryptose broth containing the s=me
concentration of tetrazolium salt and plated after varying periods of

incubation,

Smears of colonies representative of each of the various types were
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stained with either the Hucker modification of the grem stein or with
Wright's stain. Consistency of the colonies was determined by strok-
ing or pushing them with 2 small loop, This was done under the scanning

microscope,

The colonies were photographed by placing over the stage of the
microscope @ 5 X 7 Eastman Clinical Camera equipped with a }2 mm micro-
tesser lens. The light source was a Bausch and Lomb 6 volt ribbon fila=
ment lamp, The rheostat was set at the number 3 position., The color
photos were made on 2 1/4 X 3 1/4 sheet type B Ektachrome, Exposure
was 1 1/2 seconds with the lens diaphram open, Development was in Easte
man Kodak Ektachrome processing chemicsls supplied in kit form., The
color prints were moade by Drewry FPhotocolor Corpe.* The black and white
rhotos were made on 5 X 7 sheet Isopan exposed for 1/2 second with the
lens diaphram open. They were developed five minutes in Eastman Kodak
DK=11 and fixed in Festman Kodak rapid fix for 3 min. The magnification

was the same for all photos and was approximately 12 times,

The biochemical ard fermentation regctions of a number of noh-
smooth cultures were compared with the reactions of the parent smooth
culture, Fermentation reactions were carried out on 20 fermentable
substances as indicated in results. These compounds were added to a
basal medium containing bactotryptose, beef extract, sodium chloride
end djistilled water, Brom cresol purple was used as indicator, All
media were sterilized by autoclaving at 15 pounds pressure for 15 min
with the exception of dextrin and meltose which were filtered through a

fritted glass filter. All reactions were observed for 1) dayse.

*Chicago, Ill.
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Biochemical reactions were carried out using media =nd methods
described in "The Manual of Methods for the Fure Culture Study of

Bacteria®,

Pathogenicity studies in rabbits were carried out with several
cultures from non-smooth colonies., Each culture to be employed was
transferred to tryptose agar slants and incubated at 37° C for approxim-
ately 18 hr. The resulting growth was washed off with sterile distilled
water and a distilled water suspension was prepared which corresponded
in density to the number one tube of the McFarland nephelometer, Genere
ally a 0.5 ml portion of this suspension was inoculated intravenously.

In a few instances larger or smaller injections were given. Dosage
was based on unpublished observations which revealed that this approximated
a minimum lethal dose, Differential leukocyte counts were taken immediate-

ly preceding inoculation and at 2/4 hr intervals for the next several

days. In some instances body temperatures also were recorded,

To determine the ability of some of the non-smooth cultures to
produce a conjunctivitis in the rabbit eye, dense distilled water sus-
pensions were prepared from cultures grown at 37°C for approximately
18 hr, With the aid of a capillary pipette a few drops of this suspene
gsion were instilled into the conjunctival sac of the left eye. The

right eye served as control,

Cultures from four different c¢olonial types were used to determine
pathogenicity in rabbits by the oral route, These were type S, R-7,
R~ll and R-l/), Each type wes grown on tryptose agar in a flat sided
antigen bottle for 24 hr at 37° C, The growth was washed off with tap

water and this constituted the only source of fluid intake for the rabbits
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for a period of two months. The resulting suspension corresponded rough-
ly to the number 10 tube of the MecFarland nephelometer when compared

in a photolometer., For a period of two weeks the mouth of one rabbit
in each group was deeply lacerated every third day just before the
culture was given, Two rabbits in the group receiving type S and one
rabbit in each of the other groups were fed only ensilage during the two
month veriod, The remaining rabbits received Kellogg rabbit pellets,

At intervals the feces were cultured for the presence of the colonial
type being fed, The fecal pellets were macerated in a Waring blendor
together with approximately 15 ml of tryptose broth containing 0.15%
potassium tellurite. The resulting suspension was incubated overnight
at 37° C and then plated on tryptose agar. The plates were incubated
at 37° C for 18 hr and examin=d under the scanning microscope for the

presence of the appropriate colonial type.

Agglutination reactions were carried out using antisera from
rabbits which survived the intravenous inoculations, Antigens were
prepared by growing the various cultures to be studied on tryptose agar
slants, Incubation took place at 370 C for zpproximastely 18 hr, The
resulting growth was washed off and suspended in 0,85% saline and standard-
ized with 0.,85% saline to a density corresponding to the number two
tube of the McFarland nephelometer, The cultures were killed by in-
cubation for one hr in a water bath at 80° C, Dilutions were prepared
as outlined in " The Manual of Methods for the Fure Culture Study of
Bacteriat®, After addition of the antigen the tubes were incubated for
two hr in a water bath at 370 C and stored in the refrigerator over-
night, After removel from the refrigerator the tubes were allowed to

remain at room temperature for 30 min after which the results were read,
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As some non-smooth cultures produced high agglutinating titers
against smooth cultures, attempts were made to vaccinate rabbits with
these non-smooth cultures, The cultures used were prepared as described
for intravenous inoculation, These were inoculated subcutaneously in
doses ranging from 1.0 ml to 5.0 ml, As earlier unpublished work re-
vealed that a localized necrotic lesion developed at the site of sub-
cutaneous inoculation, 15 TR (turbidity-reducing) units of Wydase?* were
eadded to some of the suspensions before inoculation, After two months

the rabbits were challenged with a lethal dose of virulent smooth culture.
RESULTS

Examination of the agar plates with the scanning microscope reveale
ed the presence of gt least 19 different colonisl forms arising either
directly from the parent smooth culture or from one of its non-smooth
colonies, Differences were detected by variations in texture, consistency,
color, opacity, or morphology of the resulting growth, It often was
difficult to distinguish two colonial forms when they grew widely separ=-
ated from each other on the agar plate, but it was relatively easy to
detect the more subtle differences in either color or texture when they
were adjacent to each other, Fig, 1/} and 25, The density and character
of the population had a merked effect on the appearance of many of the
colonial types, Dense mixed populations produced marked changes in colony
size and color, and the true description of the colony could be made only
if it could be grown in pure culture, Many of the colonies were never
produced in pure form in spite of repeated platings, but always gave rise

to a mixture of colonial forms,

»Wyeth Inc., Philadelphia, Pennsylvania, brand of hyaluronidase,



-65-

It should be pointed out that the terms "smooth" and "rough" as
applied to bacterial colonies do not alwéys carry the same connotation,
As this study was devoted primarily to a recognition of colonial types
the two terms were employed rather loosely., Studies on agglutinability
in acriflavine (Braun and Bonestell, 1947) and stability in salt solu-
tion as criteria of smooth, rough, or mucoid types were not carried oute.
The following terms were applied to characterize the various colonial
types:

Smooth (S) = The small circular type colony with entire margin, finely
textured surface and found thus far only in animal tissue
or body fluids, Highly pathogenic for rabbits.

Intermediate (I) - The large flat spreading type daughter colony
arising from smooth type colonies and which always gives
rise to a mixture of smooth and non-smooth colonies, but
never to a pure culture, Pathogenic for rabbits,

Rough (R) = The relatively large type colony with erose to lobate edge,
coarsely textured surface, Most frequently found as
sectors or daughter colonies developing from the inter-
mediate type., Occasionally found direetly as sectors or
daughters in smooth type colonies. May or may not be
obtained in pure culture., DNon pathogenic for rabbits,

In spite of entire margin and smooth surface, type 11
was included here on the basis of development,

Non-smooth (N=-S) - Any form other than that described under smooth,

Color often played an important part in distinguishing one colonial
form from another, As color interpretation is often largely subjective

it is difficult to assign definite color values to an object unless it is
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compared to some standard such s the "Munsell Book of Color, 1o42v,

a technique which Huddelson (1952 )employed, In this study no such
comparison was made, However, the most important colonial types are
reproduced by color prints, Unfortunately, due to the inherent diffi-
culties of color printing, the colors are not too exsct and in some,
most of the topographical features are lost, However, it is hoped that
they will convey to a small degree some of the more subtle features of
the various colony types which can be fully appreciated only when viewed

directly through the microscope.

The origin and description of the principal colony types is given

opposite the photographs which apvear on the following pages,



Fige 3. Type S.

Found in all isolations from animal or human tissue or
body fluids,

Agar colonies at 24 hr are puntiform, translucent,
slightly raised with a finely textured surface and
entire margin, blue-green in color., Watery in con-
sistency. After five to ten days well isoclated
colonies reach a diameter of two to five mm, are more
blue in color, slightly umbonate and rubbery in con-
sistency. May show evidence of daughter colonies

or sector formation. Cells: short rods 1.0 to 1.5 .
X 0.5 microns, Some coccoid, curved, Y and T forms.
Palisade arrangement common., Few long forms up to
7.0 microns in length, Tumbling motility. Highly
pathogenic,

~,

Fige 4. Ten day old S culture on agar containing 2, 3, 5=
triphenyltetrazolium chloride, showing four distinct
growth zones; deep purple center, red, pink and pale
green at periphery. It has not been determined if
each zone gives rise to a characteristic culture.
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Fig. 5 .

Fig. 6.

Types I=-1, I-2, R-=§jf and R-5,

First appear after about five days incubation of S type
stock cultures., Rsrely develop in freshly isolated S
type cultures, Ilarge spreading intermediate type, flat
coarse surface, translucent, filamentous margin, stringy
in comsistency.

I-l., Are pale to bright green depending on age.

I-2, Are pale to bright blue. Plating gives rise to
colony types S, R-}4, and R-5 in different proportion,
I-2 gives more S than does I-l.

Re}s Arise from platings of I-l or I-2, Agar colonies
at 24 hr are small irregular, slightly opague, raised

to umbonate, coarsely grooved surface, undulate to lobate
mergin, blue, watery. Cells: Similar to type S but more
long forms, Tumbling motility. Pathogenic,

R-Hhe Arise from platings of I-l or I-2, Agar colonies
at 2/, hr are larger, irregular to filsmentous, opaque,
slightly raised, finely textured to deeply grooved sure
face, lobate to filamentous margin, cream to pale yellow,
watery, Cells: Similar to R-) but more long forms.

May show few filaments. Tumbling motility. Pathogenie,

These types cannot be maintained pure, Plating gives
rise to type S colonies whiech very quickly develop type
I-1, I-2 and R-3 daughter colonies; type Re} and R-5
colonies; occasionally type R-3, R«7 and R-1ll colonies,
R-5 dissociates more rapidly than B-}4, and type R-3
daughter colonies can be seen as early as 2/ hr,

Type R=3.

Arise as daughter colonies from five to ten~day old type
S colonies, oceasionally from platings of R-lj and R=5.
Develop rapidly in some freshly isolated S~type cultures,

Agar colonies at 24 hr are filementous to irregular,
glightly raised with opaque center, coarsely ridged sure
face, erose to filamentous margin, green color. After
five to ten days colonies reach a diameter of two to
five mm or more, Little change in color. Become rube
bery in consistency. OCells: Mostly rather long slender
filaments and long rods three to seven microns in length,
few short forms. Non motile. May be pathogenic,
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At left, ten day old S type colony from plating non
pure R-3 colony showing large and small 1-1 and 1-2
daughters. At right, small blue, umbonate R-4 and
larger flat cream to yellow R-5 colonies. 24 hr
culture from 1-1 plating. Small R-3 daughters can

be seen on the R-5 colonies. Also see fig. 19 and 20.

At left, five day old S type colony with type R-3
daughter. At right', 48 culture resulting from
plating of R-3 daughter showing mixture of S and
R-3 grows more slowly than type S. Can be pro-
duced pure after repeated platings.



Fig. 7 and 8., Type R«7,

Arise as sectors in type R-3, Relj or Re«5 type
colonies or from I-1, I-2, or R-3 type daughters
developing on S colonies, Oceasionally arise
directly from S type c¢olonies which result from
plating of I-l, I-2, or R«3 type colonies. Seldom
develops directly from S colonies isolated from
animal tissue. Not pathogenic.

Agar colonies at 24 hr are filamentous to irregular,
translucent, slightly raised deeply ridged surface
with erose to filamentous margin, pale pink in
color, watery in consistency. After pwe to four
days the colony becomes more flattened with a
highly filamentous margin and changes to a pale
green color, After about four days pink to gold
filaments, designated type R-13, develop from

the margin, which when plated give rise to type
R-11 and R-1l) colonies, occasionally to R=3.

Cells: usually short plump rods 2 to 4 X 1 microuns,
often in pairs or short chains, no palisading or
filaments, non motile,
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At left, type S colony from plating of R-3 colony
after seven days incubation. Large sectors of 1-1,

1-2, and R-3* Conspicuous sector of R-7. S
colony at center.

From left to right, pure culture of R-7 at 24# 48
and 96 hr incubation showing marked change in size,
contour and color. Same colonies in each section.



Fig. 9 and 10,

Type R-1l1l,

Arise as filaments from four to ten-day 0ld R-7
colonies, Occasionally from similar filaments
developing an old type R-3 colonies, Rarely
develops directly as a sector in type S colonies,
Not pathogenic,.

Agar colonies at 24 hr are circular, opaque, flat
to convex with smooth surface and entire margin,
pale to bright pink in color, watery to stringy
in consistency. After about four to six days the
colonies are 2-~) mm in diameter and appear very
flat with entire to slightly irregular margin.
May or may not develop secondary filaments,
Colonies which develop no secondary filaments
retain the pink color, but when filaments are
produced the colony becomes a pale green with
slightly cream center, This may represent two
distinet colony types, but has not been confirmed.
Filaments when plated give rise to type Relh and
R=15 colonies, Cells: Short plump rods 2 to 4
X 1 microns in peirs, chains, or palisades, many
curved, rarely short filaments, non motile.



- 70 -

At left, seven day old S type colony with con-
spicuous R-11 sector at top. Actually this is
rarely seen. At right, same colony at 11 days.
R-1l sector now blue-green with faint gold R-13
at margin. 1-2 at lower left.

From left to right, pure culture of R-Il at 24,
728 and 96 hr incubation showing marked change
in size but similarity of margin and color.

At right, secondary filaments with R-13 at mar-
gin. Same colonies in each section. Contam-
inant at bottom.



Fige 11 and 12. Type Rell).

Arise as filamentous daughters from five to ten-
day old type R~7 or Rell colonies, Never develops
direetly from type S colonies, Tendency to be
unstable, but can be obtained in pure form,

Non pathogenic,

Agar colonies at 24 hr are filesmentous to irregular,
translucent to opague, slightly raised, with
deeply ridged and irregular surface, erose to
filamentous margin, bright pink, watery. After
48 hr the colonies are flat, filamentous, spread-
ing and become pale green in color, After several
days may reach 10 to 15 mm diameter. Filaments
when plated give rise to type R-15 colony. Cells:
Iong plump rods 3 to 7 X 1 microns in chains or
long heavy filaments, many curved, no slender or
S type cells, Non motile, - e



Mixture of 5 day old S and R-7 colonies from
plating of 1-2. At upper left pink R-13 which
gives rise to R-14 and R-15 colonies. At
bottom a few S colonies with blue halos.

From left to right, pure culture of R-14 at
24, 48 and 72 hr showing marked change in

size, contour and color. Same colonies in
each section.



Fige 13+ Plating of R-10 colony at 2} hr showing mixture of
R-3 and R-lly colonies, Difference in color and
texture most pronounced in confluent growth and a
few S colonies can be seen,

Fige 14 Plating of R-10 colony at 48 hr showing mixture of
R-3, R=7 and R~1l) colonies, Colors are not exactly
true and the individual colony types are difficult
to distinguish on this print.
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Fige 15,

Fige 16.

R-7 colonies at 16 days on agar containing 2, 3, 5=
triphenyltetrazolium chloride, Pale pink daughter

at far right gives rise to mixture of R-7, R-11l, R-1ll,
R-16 and R-17. Pale green sectors at center usually
give rise to pure R-3 or mixture of R-3 and R-16,
Re16 daughters (not shown are a brighter green, more
coarsely textured, and almost transparent, Center

of colony gives rise to pure R-T.

Plating of R=1ll at five days on agar containing 2, 3,
5- triphenyltetrazolium chloride, showing mixture of
R-7, R=1l and R-l}) and difference in ability to reduce
the salt., Fine pink growth in background is R-18, a
poorly understood variant which appears only in cul-
tures grown on tetrazolium salt., Ususlly no growth
when transferred to plain agar.



- 73 -



Fig. 17.

Fig. 180

Plating of I-l1 colony at 48 hr showing mixture of
R-11 (smooth surface, entire margin) and Re7
(granular surface, filamentous margin).

Same colonies as in Fige. 17 after five days. R-1ll
unchanged execept for slight increase in size, Still
retains pink color., R~7 marked increase in size due
to extension of filamentous R-1l3, Now pale green in
color. R=-13 pink to gold, Mold and two conspicuous
contaminants in field,
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Fige 19+ R-4 and R=-5 at three days, Compare with Fige 5.

Fige 20, Same colonies as Fige. 19 at seven days showing both
I-1l and I-2 daughters,
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Fig. 21, R~7 and one colony R-ll at 10 days., Filements coalesced
and flattened appearance, Light colored central area
marks site of original colony. R-ll has small R-13

daughter.

Pure R-1ll after 20 days showing uniform dirty pink to

Fig, 22.
pale green color and very small filament of R-13,
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Fig., 23,

Fige 24

R-ll from plating R-12 colony at 10 days showing
development of large R-13 daughters, Rell are
pink and R-l3 daughters are green with gold mergin,

Same area as Fig, 23 at 21 days showing uniform color
which is now green, This is a striking characteristic
of all R types that regardless of the cclor of young
colonies as they age they become a pale green similar
to 0ld S eclonies, The only exception is R=11] which
retains the pink cclor when no or only small R=1l3
daughters develop. See Fig. 18 and 22,
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Fig, 25,

Fig. 26.

Plating of R-l cclony showing mixture of R=3, R-7

and R~ll colonies at 24 hrs, Re3 can be distinguished
from R-7 (pink) by lighter color (green) and smaller
size, R-1ll can be distinguished by smooth surface
and entire margin, R=3 and R«7 may be difficult t
distinguish as isoclated colonies, :

Pure culture of R=-17 at six days., This originated
from an R-3 culture exposed to 2, 3, 5« triphenyl-
tetrazolium chloride, Similar to the one shown in
Fig. 16, This colony is characterized by an almost
smooth pink raiced center which when young (24-48
hr) is almost identical to R-ll except that it is
larger. After several days a coarsely textured halo
develops which when plated usually gives rise to R-16.
This colony seldom attains a diameter of more than
5 mme It a2lso may arise from R-16 cultures, It

has never been observed in cultures not exposed to
the tetrazolium salt. No pathogenicity studies,






Fige 27+ Pure culture of Re3 at five days. This culture is
from plating center of colony shown below, Note
irreguler shape and filamentous to lobate margin,
This colony may reach 20 mm in diameter. Young
colony shown in Fig, 6 and 25. Compare with R=16,
Fig, 30.

Fig. 28. R-3 colony at 10 days with wide halo of R=16, This
usually oecurred only in R=3 cultures grown in the
presence of 2, 3, 5« triphenyltetrazolium chloride,
The halo developed in the first transfer to agar
not containing the tetrazolium salt, At times
similar appearing halos give rise to Re17 colonies
as shown in Fig, 26 or to a mixture of R-16 and R-17.






Fige. 29. Pure culture of R-16 at ;8 hr, Similar to R-3 in color
end texture but much larger in size. See Fig. 6.
Usually develops from either S or R cultures exposed
to 2, 3, 5~ triphenyltetrazolium chloride but may
occur without this salt., This culture can be maine
tained pure, Non pathogenic,

Fig., 30. R-16 at 11 days. Can be distinguished from R-3,

Fig. 27, by larger size, raised finely textured center
and heavy filamentous to lobate margine.
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Fig. 31, Pure culture of R=15 at four days. Showing finely
textured surface and filamentous margin, This
culture is similar to R-1) but bright green in
color especially in the center, May reech 20 mm
in diameter. Can not be maintained pure, Plating

gives rise to R-1), R-15 and R-7. No pathogenicity
studies,

Fig. 32, R~1l5 colony at eight days showing large sector of R=7
at right,
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Fige 33

Fige 3L

Possible "reverted" S colony at 48 hr from R-16
colony maintained on tryptose agar containing 2, 3,
5= triphenyltetrazolium chloride, Very similar to S
but slightly larger and more coarsely textured at
margine Compare with Fig, 3. No pathogenicity
studies.

Five day 0l1d R-6 colonies from plating of I-1 showing
filaments and pitted appearance, Found in 10 to 20

day old S cultures. Colcnies are large, up to 10 mm
diameter, This actually is a highly motile form of

S colony and pitted appearasnce was due to the organisms
growing into the agar. These colonies often gave

rise to large I=l. I~2 or R-3 daughters which were
indistinguishable from the corresponding types from
other S colonies, No pathogenicity studies, This

is an interesting colony and needs further investigation.
Compare with Fig., 6 and 7. ‘






Fige 35 Fifteen day o0ld S colonies with small R-19 dwarf-like
secondary colonies which appear as minute white pro=
jections, Careful picking and plating always give

rise to what appear to be pure S colonies., No
pathogenicity studies,

Fige 36. Seventy day old S colony with conspicuous R-19 dwarf-
like secondary colonies. At right R=3 daughter,

Viable cells only at margin of colony and in R-19
colonies,
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Fige 37+ Six day o0ld S colonies completely surrounded by halo
of filamentous growth. This occurred rarely and in
only a few cultures. Plating usually gave rise to
mixtures of R-3, R-8 and R-l6. It has not been de-
termined if cultures which show this halo constitute
a distinct group. Also see Fig. 11,

Fige 38, S culture at 48 hr showing a few pale blue colonies
which usually give rise to pure cultures of R~7 when
plated,
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Fige 39 Mixture of R colonies at 24 hr from broth culture of
S colony.

Fig. 40, Mixture of R colonies at eight days from broth culture
of S colony.
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Fige 41, Cells from an S type eolony showing short rods in
pelisade arrangement, pairs, Y and T forms and a few
long cells characteristic of all S cultures of L,
monocytogened., All three fig approx., 1000X, gram
stain

Fige 42. Cells from a non-amooth colony type (R~5) showing
mixture of short and long slender rods and a few
short slender filaments,

Fige 43+ Cells from a non-smooth colony type (R-1ll) showing
long heavy curved filaments.
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Other colony types which developed but which couid never be main-

tained in pure culture are listed below,

Type R-8.
Found most commonly in platings from S cultures maintained for
several weeks in broth, Occasionally developed from platings of R-l
and R-5. Agar colonies after 2/ hr are very similar to R-7 except
that they are gold in color. Plating always gives rise to a mixture
of R=3, R=-7 and R-1l, No pathogenicity studies.

Type R~9.
Found most commonly in platings from S cultures maintained for several
weeks in broth. Occasionally developed from platings of R-4 and R=5,
Agar colonies after 2); hr are very similar to Rell except that they are
pale yellow to cream color, Can never he maintained pure for more
than several days. Piatings give rise to R-3, R-7, R-9 and R-ll,
No pathogenicity studies.

Type R-10,
Similer in all characteristics to R-9 except that the surface of the
colony was coarsely textured, Platings give rise to R-3, R-7, R-9,
R-10, R-11 and R-1}), No pathogenicity studies,

Type R-12,
Similar in all characteristies to R-1ll except they have a gold sheen,

Platings give rise to R-11, R-14 and R-15. No pathogenicity studies,

S eolonies inoculated into tryptose broth and incubated at 37° ¢
for 18 hr and at room temperature for indefinite periods of time, when
streaked on agar plates failed to produce colonial forms other than
those which developed when the colonies were plated directly on agar

plates, Rarely one of the R forms was found as a pure isolated colony.
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However the occurrence of the unstable type colony was much more common

than in platings from agar cultures,

When 2, 3, 5~ triphenyltetrazolium chloride was incorporated in
the agar it was possible to disfinguish one new colonial from which had
not previously occurred, This was type R-17. Fige 26. In addition the
difference in ability of some colonial types to reduce this salt greatly
enhanced their detection, Type 16 failed to reduce this salt and the
colonies appeared a rather pale green in color while all other types
varied from pale pink to a deep red or purple. Fig. 15. After about a
week of incubation the S colony was characterized by a dark red central
area which approached black, Fig. A4 This intense central area also

developed in some R colonies, particularly R-7. Fige Te

The degree to which the individual colony type reduced the tetra-
zolium salt was reflected in the colonies which develop from transfers
to plates without the sait, This was evident only in the first transfer,
Notable in this respect was type R-15 which took on a much deeper pink
than before exposure to the salt, As type R-~7 and R-1l), 4id not reduce
the salt as readily as did R-15, they could very easily be distinguished
from each other, particularly when they were adjacent. This effect un-
doubtedly was due to & small residual of tetrazolium salt carried over
on the first transfer and was an amount sufficient to enhance the color

of those colonies which already displayed a tendency toward deep pink,

There were no differences in either fermentative or biochemical
characteristics displayed by any of the N-5 colonial types when compared
with the parent S type. All colonial forms tested produced acid but

no gas after 2} hr in glucose, levulose, trehalose and salacin, Acid
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production was slow and variable in arabinose,  alactose, lactose,
maltose, sucrose, dextrin, sorbitol, glycerol, and melezitos, There was

no fermentation of xylose, raffinose, inositol, imsulin, duleitol, mannitol
or adonitol. There were some slight varistions in the rate of fermentation
but no significent differences. The variations appeared to be of the

same order one would expect to find in any large number of stock cultures

of L. monocytogenes exposed to the same fermentable substances.

None of the R types tested reduced nitrates, or produced indole,
Gelatin was not liquefied. In genersl the R types produced either no

hemolysin or displayed a much smaller zone than did the parent S type.

By the methods employed, cultures from N-S colony types I-1, I-2,
and R-3 were pathogenic for rabbits, However, all types tested produced
marked monocytosis and a varying degree of agglutinating antibodies in
the peripheral blood, Typical results, following intravenous inoculation,
together with agglutinating antibody titer for the homologous type and
S type cultures are shown in the protocols which eppear on pages 92-66,
At no time d4id any animels which rzceived cultures from R colonies dio~-
play any marked clinieal indication of iliness. A few rabbits showed a
slight rise in temperature on the second or third post inoculation day,.
Cultures prepared from the liver, spleen and heart blood of rabbits sacri-
ficed from several days to several weeks after inoculation, failed to
yield significant bacterial growth. Rabbits inoculated intravenously

with cultures from R colonies very often survived a subsequent lethal

dose of S culture,

When cultures from R type colonies were instilled into the conjunc=-

tival sec of rabbits, little or no reaction followed. Two rabbits in-
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Stilled with type R-7 showed marked lacrimation on the second post in=
stillation day, but appeared normal thereafter. Instillation of cultures

from type S colonies resulted in a marked conjunctivitis and keratitis

in all instances.

Rabbits inoculated with cultures from certain R type colonies,
particularly types R-3 and R~7 produced high agglutinating titers against
type S cultures. This suggested that these types might be successfully
employed in a vaceine thkat could conveniently be administered by the
subcutaneous route., The results indicated that in the amount given, these
types did produce fairly high ageglutinating titers following subcutaneous
inoculation, It was further shown that when 15 TR units of Wydsse per
ml were added to the bacterial suspension antibody titer wgs enhanced,

The addition of Wydase also prevented the development of the localized
necrotic lesion that developed at the site of inoculation when cultures
from type S colonies were given subcutaneously, Fowever, in rabbits
inoculated with cultures from type R colories, congestion and small super-
ficial hemorrhages were the principal lesions observed, and necrosis,

if present, was limited to small discreet areas which seldom measured more
than two to three mm in diameter. These may have resulted from the

presence of pathogenic S type cells in the culture,

All rabbits exposed subcutaneously with cultures from either type S
or type R colonies developed a marked monocytosis in the circulating
blood., The monocytosis developed most quickly and reached the highest
value in the rabbits exposed to culture containing Wydase. There was no

evidence either in vitro or in vivo thet Wydase exerted any unfavorable

effect on the cultures,



When these rabbits were exposed five to 10 weeks later to a known
lethal dose of culture from S type colonies, desath occurred in two to
three days., All unvaccinated controls died within the same period. At
necropsy all rabbits showed lesions typical of septicemic listeriosis;
focal hepatic necrosis and splenqmegalia. Type S cultures were recovered
in pure culture from the liver, spleen and occasionally from the heart
blood of all animals which died, This strikingly demonstrated that the
presence of agglutinating antibodies in the blood serum was not a measure
of immunity to infection with L. monocytogenes. These resul®s are sum-

marized in table 1 and typical protocols are given on page 97
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Fate of two rabbits inoculated intravenously

Rabbit 159

Day

Qe

Rabbit 158

Day

with 0,3 ml culture 12255-S*%

Differential leukoeyte count

Prsx L M B E
29 65 0 6 0
61 17 19 2 1
29 32 38 1 0
58 7 35 0 0

Dead, Focal hepatic necrosis and splenomegalia.
L. monoecytogenes isolated from heart blood and
liver,

Differential leukocyte count

P L M B E
23 72 0 0 0
45 52 2 1 0
49 12 38 1l 0]

Desd. Splenomegalia., L. monocytogenes isolated
from liver,

#A11 cultures standardized to No, 1 tube McFarland nephelometer,

*2*Tnoculation day.

*#*P « polymorphonuclear leukocyte

HwE

- lymphocyte
monocyte

= basophil

eosinophil

Same symbols-are employed in subsequent tables,
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Typical results following intravenous
inoculation of 0,3 ml culture 12255 R-3*

Rabbit 153

Day

Q%%

N &= W

Differential leukocyte count

Pres L
38 60
63 28
60 5
47 9
40 30
45 g

Culture 1:20 1:40

S MM MM
R-3 HiF A

M
0
2
35
Wy
28
8

B E
2 0
6 1
0 0
0 0
2 0
0 0

Titer after 100 days

1:80

Z
.

1:160

2

1:320 1:640

Challenge at 106 days with 1,0 ml 122555 I.V,*

Day

10

Survived.

Differential leukocyte count

P

49
54
62
51
47
56

L
12
78
17
13
25
31

hi

21
35
28

11

For explanation of symbols see page R

B E
3 1l
0 0
4] 0
0 1
0 0
0 2

1:1280

1:2560



Rabbit 12

Culture
S

R=7

-9 -

Typieal results following intravenous

inoculation of 0,3 ml culture 12255 R-7*

Differential leukocyte count

Day Pk L M B
o** 31 66 1 0

1 83 15 2 0

2 W2 18 40 0

3 31 23 46 0

it 37 26 36 o)

7 Ll 52 ] 0

Titer after 100 days
1:20 1:40 1:80 1:160 1:320

£ - - - -
M M A A

1:640

oy

Chellenge at 106 days with 1,0 ml 122555 I,V,*

Differential leukocyte count

Day P L M B
0 58 32 8 1
1l 70 30 0 0
2 59 38 2 1
3 52 12 35 1
6 63 17 18 0

10 51 27 19 1

Survived.

For explanation of symbols see page 92,

1:1280

#

1:2560
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Typical results following intravenous
inoculation of 0.3 ml culture 12255 R~l1l*®

Rebbit 143
Differential leukocyte count
Day P L M- B E
O*x 29 63 2 4 2
1 58 41 0 0 1
2 56 6 37 1 0
3 35 20 by 0 1
I 2 17 40 0 1
7 (Poor slide)

Titer after 100 days

Culture 1:20 1:40 1:80 1:160 1:320 1:640 1:1280 1:2560

5 M R - - - - -

Rell A AR M M A - -

Challenge at 106 days with 1.0 ml 12255-S I.V.*

Differential leukocyte count

Day P L M B E

0 45 47 2 3 3
1 51 hé 1 X 1
2 53 24 20 3 0
3 g 27 23 2 1
6 L6 20 29 4 1
10 30 59 8 1 2
Survived.

For explanation of symbols see page 92 e
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Typical results following intravenous
inoculation of 0.3 ml culture 12255 Rel)®

Rabbit 15

Day

Q&%

~N = W

Differential leukocyte count

P L M B E
31 68 0 1 o
62 22 11 3 2
38 17 Ly 0 1
27 36 34 0 3
48 27 25 0 0
29 63 7 1 0

Titer after 100 days

Culture 1:20 1:40 1:80 1:160 1:320 1:640

s FAE AR HEE 4 z
R-15 Hik  AAAE AR R Z

Challenge at 106 days with 1,0 ml 12255-S I,V.*

Day

o W N

10

Survived,

Differential leukocyte count

P L M B E
26 62 0 0 0
67 26 2 1 i
37 3 60 0 0
25 9 66 0 0
27 39 31 3 0
37 37 22 4 0

For explanation of symbols see page 9.

1:1280

1:2560



Culture
:1007X
R=7 with Wydase
R=7 w/o Vydase
S with Wydase
S w/o Wydase
12255
R-3 with Wydase
R~3 w/o Wydase
R«16 with Wydase

R-16 w/o Wydase
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Table 1

Condensation of a vaccination trial

Titer
S
1:320
1:2560

1:640

1:80
1:)0
1:320

1:320

R

}:320

1:160

YR L
1:80

1:320

Monocytes
% on 6th day

32
1o

43
18

LY

27
25
19
18

Survival after
challenge in days

D aar
2

3
3

3:::*##

TInmunizing dose: 0.1 ml standardized to No, 9 tube MeFarland nephelometer,

Challenge dose: 0.5 ml S culture std. to No, 1 tube McFarland nephelometer,

Four rabbits in each group,
value in each group,.

#*T{ter at two weeks.

**Challenge at five weeks.

s»»#Titer at seven weeks,

*+%%Challenge at

10 weeks,

Percentage of monocytes represents highest
Titers are average of animals bled,
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DISCUSSION

The results revealed that at least 20 different colonial forms of
L. monocytogenes could be recognized on tryptose agar plates examined
by the oblique lighting technique, Of these, six could be maintained in
stable form without further dissociation. These were types S, R=-3, R-7,
R-l1l, R«l) and R-16, Type S was the typical smooth colonial form chare
acterized by a small circular, blue-green, slichtly raised colony with
a finely textures surface and entire margin. Fig. le It was the type
commonly found in initial isolations from infected materisl, Cultures of

this type were highly pathogenic for rabbits.

—

In general only four stable colony types developed directly from S
colonies. These were R-3, R=7, R-1ll and R-16, However types R-7, Rall
and R=16 only rarely developed directly from S type cultures. However,
they could be demonstrated gquite readily in platings from I-1, I-2, R=}
or Re5 cultures, Fig. 5, 19 and 20, R=3 was the most common type and
usually appeared as daughter colonies on well isolated S colonies after
about five days incubation, TFig. 6. Rarely 4id it occur in confluent

S type cultures,

R-7 usually developed as a daughter but occasionally developed as
a sector in S cultures, Fige. 7 and 8. Type R~16 developed only occasion=-
2lly from S colonies, In S cultures it .alweys appeared as a daughter and
platings of young R-16 daughters very often gave rise to S or R=3 types,

It often developed as isolated colonies from several of the unstable R

forms, Fige. 28, 29 and 30.

R-11 was unigue in that it rarely developed in S cultures, but if

it did, it always appeared as a very coaspicuous smooth surfaced, pink
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to gold sector. Fig, 9 and 10, Many of these sectors, if carefully
picked, gave rise on first transfer to pure cultures of P-ll, Occasion=-
ally platings were mixsd with types S and R-7, but never with Re3. The
young R-1ll colony was so different from any of the other types that it
first was thought to be contamination. It was the only R type which
developed into a round completely smooth surfaced colony., However after
several days incubation the colony beceme more flattened and developed

a faint greenish tint, Fig. 10. Some R-1l1l colonies retained their
circular form and entire margin while others developed into a more lobate
forme Still others developed long gold colored filaments, R-13., Fig.
21, 22, 23 and 24, Another distinctive characteristic of the Rall

colony was its flattened appearance after several days incubation con-
trasted to its initial convex form, Colonies which retained their circular
form also tended to retain the piunk color which made this type easy to

identify in o0ld4 mixed cultures, Fig. 17 and 18.

Type R=1l); was the only other stable R colony. Fige. 1l2. It never
developed directly from S cultures, but was found only in platings of
the gold colored long filamentous secondary growth or daughters, R-13,
which developed on 0ld R=7 and some old R=11l colonies. Fige. 8, 18 and 23,
In young cultures R-1l and R-7 colonies were very similar and could very
easily be confused, Rell wes a more intense pink than R-7 and some
colonies appeared to be almost red. Compare Fig. 8 with Fig. 12, Twenty
four hr colonies were approximately 1 to 2 mm Oor more in dismeter whereas
R-7 seldom measured more than lmm at 24 hr, With continued incubation
thé develomment of R-1); was much more rapid than that of R«7 and some well
jsolated colonies reached a dismeter of 20 to 30 mm. R~7 seldom attain-

ed a diemeter of more than 20 mm. Compare Fig. 8 with Fig. 12. One
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of the outstandigg differences was in the cells of the two colonies,
R=-7 cells were usually long plump rods in pairs or short cheins similar

to those shown in Fig. 42, whereas cells of R«l}4 were usually curved and

in long heavy filasments. Fig. 43.

R-16 was unique in that its development appeared to be enhanced in
cultures exposed to 2, 3, 5~ triphenyltetrazolium chloride., Its presence
had been suspected in cultures not exposed to this salt but because of
its close resemblance to R=3 it was difficult to establish it as a
distinct type. Fige 6, 27, 28, 29 and 30. However, on agar plates cone
taining the tetrazolium salt it appeared as large, translucent, green
daughter colonies while the parent colony, usually I-l, I-2, Relj or R-5,
or one of the unstable N-S colonies, appeared a bright pink to deep red
in color, R«3 also failed to reduce the tetrazolium salt but the appear-
ance of the R=3 dauchters was quite distinctive from the R~1l6, being more
even textured, more opaque, &nd 4id not have the glisten and sparkle of

R-l6, Fig, 15.

It appeared that the remaining 1} colonial forms consisted of either
& highly unstable population which dissociated into two or more of the
stable N=S (non smooth) forms, or that they were actually a mixture of
several growth forms, Stained smears prepared from the unstable colonial
forms revealed a wide variation in cellular morphclogy. The bacterial
cells ranged from small coccoid forms to long filements with many inter-
mediate forms, No attempt was made to determine the ratio of the several
components of the unstable culiures, but the fact that the ratio and the
colonial type which resulted from subsequent platings could almost always
be predicted suggested that the colonies centained a rather consistent

proportion of the individual cell types. Unsteble R-types never developed
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directly from S colonies on sgar plates. However they were found in

0ld broth cultures of S colonies and in platings of N=S colonies.

S colonies seldom developed from Platings of either the stable or
unstable R cultures, Yet when R cultures maintained for long periods of
time in tryptose broth containing 2, 3, 5- triphenyltetrazolium chloride,
were streaked on agar plates only S colonies developed, The number of
colonies which developed on these plates was always small, This sug-
gested that in the concentration used, the tetrazolium salt exerted a
toxic effeect on N-S types after exposure of 10 days or more, but to a

less degree in the S type.

The toxic effect of 2, 3, 5~ triphenyltetrazolium on the R colony
types was also evident on agar plates containing this salt, When transe
fers were attempted from colonies which had incubated for long periods
of time, 20 days or more, the inoculated plates remained sterile or only
very few colonies developed, Often a few S colonies were observed on
these plates, again suggesting that all R colonies contained a few cells
capable of producing S colonies., Both S and R colonies on agar plates
without tetrazolium remsined viable for long periods of time, up to two
months or more, Growth failed to occur when transfers were made to
fresh plates; only when the agar was desiccated to the point that it was
hard and brittle; thus indicating that prolonged exposure to the tetrazolium
salt exerted a lethal toxic effect on the R types. This effect was less

marked in the S cultures, and growth occurred even after long exposure

to the salt.

The variation in color of the mature colonies on agar containing

tetrazolium salts indicated that there were differences in the reducing
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enzyme systems of the various colonv types. The red color which develops
in living cells in the presence of tetrazolium salts is thought to de-
pend on the presence of reducing enzymes (dehydrogemases with or without

coenzymes I or II) which reduce the colorless compounds to colored for-

mazans,

That all R colonies contained a few S type cells was again suge
gested by the lesions which developed in rabbits after subcutaneous in-
oculation of R cultures particularly those contesining Wydase, At necropsy
of many of these animals very small ( 1 mm) discrete grey foci of necrosis
were observed in an area several cm in diameter surrounding the inocula=
tion site., As large inocula of R cultures administered by various routes
had shown no pathogenic effect it was felt that these isolated necrotic
foci resulted from & type cells dispersed by the spreading action of
Wydase. Rarely a amall area of necrosis was found at the inoculation
site in animaels in which Wydase had not been added to the culture, When
pure S cultures were inoculated by this route a large well localized
necrotic lesion developed at the site of inoculation, When Wydase was
added to S cultures large (5«10 mm) discrete necrotic foci were found in
a wide area surrounding the inoculation site, These findings suggested
that all ® cultures contained a few & cells wiiich in the proper environ-

ment could produce lesions,

Apparently the number of £ cells in R cultures inoculated intre-
venously or instilled into the conjunctival sac was too small to proiuce
evidence of infection, It has been found tlat fairly large inocula of
S ecultures must be used to produce infection under isborstory conditiomns,

~

and the number of S cells in the R cultures mey lLave beeu too small to
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incite a cliniecal response,

Whether the monocytosis which developed in rabbits inoculated
intravenously with R cultures r=sulted from the presence of € cells,
or whether the R cultures also contain the monocyte producing factor
(MEF) has not been determined. Grini (1943) found that a non pathogenic
strain of L. monocytogenes produced a monocytbsis when inoculated intrae
venously into rabbits, but unfortunately gave no description of the

colony., Stanley (1949) showed and Girard and Murray (1951) confirmed

that the MFF of 1. monocytogenes was found in a non-antigenic lipid frac-
tion of the bacterial cell, and was found to be liberated chiefly in the
liver of infected animals, The R cultures may apparently also contein

this lipid MFF but furthsr work is necessary to confirm this,

None of the rabbits which received dense suspensions of either £ or
R cultures in the drinking water showed any clinical indication of ille~
ness during the two month observation period. The rabbits which received
ensilage displayed marked emaciation due to their refussl to accept this
ration, Laceration of the mouth made no contribution to susceptibility
to infection, Neither did local lesions develop at the laceration sites,
Cultures prepared from the feces as Jescribed by Gray et al. (1950) gave
inconclusive results and it could not be determined whether the cultures
added to the drinking water survived passage through the cdigestive tract
or not, Further investigetion revealed that the particular strain of
culture (12255, isolated from the brain of a calf with listeric encephali-
tis complicated by vitamin E deficiency) was inhibited by the potassiur
tellurite in the concentration (0.05%) employed. This confirmed the

findings of Olson et al. (1953) who found that certain stains of L.

— eii—

monocytogenes were sensitive to 0.05% potassium tellurite,
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With the exception of mice (Julianelle, 19)1) most investigators
failed to infect artificially either ruminant or monogactric animals by
the oral route., Roine et al. (1953) reported death of guinea pigs fed

a ration containing aureomycin due to infection with L. monocvtogenes.,

These authors expressed the opinion that aureomycin suppressed other
bacterial inhabitants of the intestinal tract and favored the proliferae

tion of L. monocytogenes and that infection was established as a result

of this., For the present this must be viewed with reservations =s, as

indicated in pert one of this thesis, L. monocytogenes has been shown to

be highly susceptible the antibacterial action of sureomycine.

The results obtained in this study confirmed the inability of

either S or R cultures of L. monocytogenes to infect by way of the in-
testinal tract even when the animels were subjected to emaciation and

laceration,.

Asahi and Hosoda (1952, 1953) suggested that L. monocytogenes may
use the trigeminal nerve s an avenue of entrance in the encephalitic
form of the disease, They succeeded in infecting both mice and young
goats (2«4 mo 0ld) by scarifying the mucous membrane of the mouth and
the cutesneous tissue surrounding the mouth and nose before exposure to

L. monocytogenes, Neither Hirato gt 2l. (1954) nor the present study

could confirm these findings,

At the present very little is known concerning the nature of the
unstable R cultures. Because they could not be maintainsd in pure form
they were not used in pathogenicity studies or tested for biochemical
reactions, However it did appear that they were composed of a definite

ratio of the various cell types end on this basis can be considered as
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distinet colony types; possibly as intermedistes because of their rapid
dissociation into the other stable R forms., As this study was directed
primarily toward the detection and recognition of new colonial forms in
the genus Listeria no intensive study has been made to date to further
characterize these types. The numerous publications of Huddelson and
Braun on dissociation studies in the genus Brucella emphatically emphasize
that studies of this nature are not quickly exhausted, It is hoped that
this present study is only the beginning of similar studies on the genus

Listeria,

From the data now at hand, compiled from several hundred separ=te
platings, a tentative dissociation scheme, shown on the following page,
can be derived for the principal stable R types, It is almost certain
that future work will show this scheme to be incomplete and ma2ny revisions
may be necessary. In work of this nature where color valuss, size and
texture of colonies play so important a part in differentiating one
colony type from another, it is often difficult to free oneself from
subjective pre judices which might lead to misinterpretation of the true
picture, In spite of all possible precautions the present scheme may
be colored by such misinterpretations and therefore should be considered
as only tentetive until it can be confirmed or revised by other investig-
ators, It was felt that its inclusion would portray the dissociation

pattern in a more graphic manner than an extended description,

In the 20 cultures observed in this study it was noted that several
cultures dissociated more repidly than did others, Certain cultures also
tended to produce a predominance of a particular R type while others
showed a predominance of another type. Still other cultures displayed

almost no tendency toward dissocistion whereas some dissociated 8o rapidly



Fige Llie

Dissociation scheme showing origin of the prinecipal
stable R cultures, I-1l, I-2, R~} and R-5 are not
stable but are included as most R forms developed
from them, R-3 was the only stable R type to come
monly develop directly from S cultures. Broken
lines indicate less common development., R-ll -
actually develops from filements (R-l3 on R-7 and
some R-1ll colonies. R=16 is not shown as it rarely
developed in the absence of 2, 3, 5- triphenyltetra-
zolium chloride.
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that it was difficult to record its direction accurately., The scheme
shown on page 106 represents the main trend shown by all the cultures as
@ group. No doubt certain strains, if taken individually, would present

& different picture and certain of the R type colonies would never ap-

pear,

At this time the significance of the wide variation in rate of dis-
sociation of the various cultures cgn only be conjectured. Whether cultures
isolated from particular disease processes showed a distinctive dissoci=
ation pattern has not yet been accurately determined to date., Neverthe~
less there were strong indications that this might be true., In general
it eppeared that three strains (1007X, 1192X, 1197X) isolated from the
liver of calves which died shortly after birth (Gray et al., 1954) and
two strains (455X, 967X) isolated from the spinal fluid of man (both une
reported) showed a far more rapid dissociation than did any of the other
types., Also these particuler strgins produced many more R-3, R=7, R=8
and R=-9 colonies than did any of the other cultures. Cultiures isolated
from the brain of sheep and cows with listeriosis showed a rather average
consistent pattern and rate of dissociation., However, a few cultures
showed almost no dissociation other than the development of small I-l1
and I-2 daughter colonies. Cultures freshly isolated from the viscera of
artificially infected rabhits (not included in the original 20 cultures)
developed a predominance of type R-3 daughters, and I-1l and T=2 types
were rarely seen in these culfures. Some of these cultures never gave

rise to other than R=3 colonies while others produced a variety of the

several types.

Two cultures of Listeria infantiseptica (new species guestionsd)

received from Potel and isolated from aborted infants in the German
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Demoeratie Republic, and a similar ceulture received from Seeliger,
Hygiene Institute, Friedrich-Wilhelms University, Bonn, Germany, showed
2 wide variety of R forms on initial platings similar to those seen in
the cultures isolated from calves, These cultures were received too
late for extensive observations to be included in this report. More -
over it was found that these cultures were not agclutinated by rabbit

antisera prepared against a strain of L. monocytogenes isolated from a

bovine brain., Whether there is a connection between the difference in
dissociation and the failure to agglutinate can not be stated at this

time, but it does present an interesting subject for further study,

A strain of L. monocytogenes isolated from the intestinal tract of

& guinea pig by Roine et gl. (1953) in Finland showed a wide variety of

R forms on initial platings and is presently under further study. As it
was found that all éure R forms were non pathogenic for the rabbit there
is a suggestion that these cultures which show a wide variety of R forms
may be less pathogenic than those which show only S forms on initial
isolation as do the strains isoleted from sheep and cows with listerie
encephalitis, There is of course the possibility that dissocistion of

these enltures occurred during trensit., However, many of the stock cul-

tures of L. monocytogenes mainteined in this laborsztory for long periods

of time without transfer fail to show the rapid and marked changes as
these cultures from less "typical' disease processeS. (" Typical® is
used here on the gquestionable assumption that encephalitis of ruminants
is the most characteristic and distinctive form of infection due to this

bacterium). Sohier et al. (1948) report the isolation of a non pathogenic

——— —

strain of L. monocytogenes from cooked beef. As non pathogenic strains

of this microbe are rather rare, it would prove to be an interesting
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strain for further study., Its arrival is anticipated shortly., The

five strains isolated by Wenckebach (1953) from the uretaral exudate of
five men with gonorrhea should also prove interesting. At the present
state of our knowledge it seems more than coincidence that strains which
dissociate slowly are associated with acute disease processes and the
more rapidly dissociating strains are associated with a more chronic type
of diseasee A striking exception to this generslization is the strain
recently isolated by Gray and McWade (195/4) from the cervix of a so=
called repeat breeder cow which showed no clinical indications of infec~
tion, This culture has shown very little tendency toward dissociation,
Therefore it appears that many more comparisons will be required before

a definite trend can be established,

The role of S and R cultures in the epidemiology of various bacterial
diseases has been the subject of numerous investigations,., These have
been summarized by Hadley (1927) and Braun (1947). The relationship be-
tween dissociative changes, accompanied by changes in virulence, to
epidemic waves is still a matter of speculation. Braun (1947) cites
several instances in which S cultures of wvarious bacterial species were
isolated in the acute stages of a disease and that as the disease becomes
more chronic, the isolated organisms showed a marked tendency toward R
forms. Also cited was an epidemic of Shigella dysentery in which S forms
were isolated in the early stages of the epidemic, SR forms as the epidemic,
$aned and R forms towards the end of the epidemic. Cultures from chronie

carriers of typhoid baeilli and Erysipelothrix rhusiopathiase have yielded

R forms. It is contended that these changes in the bacterial population
are intimately associsted with changes in the selsctivity of the host en-

vironment, Thus normal serum appears to contain factors which suppress
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the establishment of R forms and favors the development of S forms,

But as antibodies (agglutinins) are produced against the S form, it is
suppressed and an environment is established which favors the development
of R forms. When the R type has been established in disease carriers,
there follows a decrease in S antibodies which may alter the environment
by permitting the natural anti R factors to exert their effect on the R

form, and a condition favorable to the reesteblishment of S forms results.

Fibrinous encapsulations, as found in many bacterial disecases, may
also serve to remove the S forms from the total body enviromment, If
in these encapsulations there is an S to R transformation, when the R
forms are released into the body, conditions would favor the establishe
ment of S forms, This possibility presents intriguing implications for

a disease, such as that produced by L. monocytogenes where the lesions

are almost always localized and conceivably could and would be Bncapsule-
ated if the disease were less acute, Sedallian et al. (1948) reported
the isolation of what they considered an R form of L. monocytogenes from
a localized lung lesion in a 45 year old man, The authors do not describe
the colony but stated that stained smears showed large rods to filaments
which were gram negative, motile and required glucose for growth. It
failed to kill rabbits and to produce a conjunctivitis, However it did
kill mice and guinea pigs which shoved a monocytosis and focal hepatic
necrosis at necropsy. Helmboldt et al. (1951) reported the isolation

of L. monocytogenes from a localized abecess in the brain of a pig which
died after showing symptoms of & nervous disorder, Lesions associated
with listeric encephalitis were not observed. Unfortunately no mention
was made of colonial characteristics of this culture, 0ld localized

fibrotic lesions have often been observed in various viscera, particularly
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in the uterus and heart of rabbits that survived intravenous exposure.
On culture these lesions are often sterile, In a few instances Selike

cultures of L. monocytogenes have been isolated. At no time have any

of the R type cultures identified in this study been isolated,

A notable example of a localized lesion due to L. monocytozenes is

the encapsulated necrotic focus which develops at the site of subcutaneous
inoculation of cultures from S colonies., This lesion presents interesting
possibilities for S to R or R to S studies, At the present time this

has been subjected to only a few exploratory observations, and insuf-
ficient data have been accumulated to draw positive conclusions, TFrom
scme of these lesions which develop from S cultures it was possible to
reisolate what appeared to be S cultures, However, after 2/ hr incuba=
tion these colonies, especially those well separated, appeared to be
larger and have a more wrinkled surface than did the original S colonies
after the same incubation periode Fige. 33 After 48 hr incubation they
were indistinguishable from the original S culture, At this time it can
not be definitely stated whether theses colonies represent the so-called
vreverted & of Hadley (1937), Spicer (1936) and Mellon et al. (194)).
*Reverted S* is a term applied to S«like colonies which arise from R
cultures and appear to be an R to S reaction but actually is an S to R

to Sl, Sl being the reverted S, The reverted S of Spicer (1936) and
Mellon et al. (1944) showed distinct differences from tke normal £ form,
Braun (1946) in in vitro studies with Brucella abortus found only an
increased growth rate for reverted S forms, all other characteristics
were identical to the normal S, This again presents the question of
whether there is true R to S reversion or whether it is only "apparent

reversion". Huddelson et al. (1952) failed to find evidence of R to S

reversion either in in vitro or in vivo studies with Brucella. Braun
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(1946a) claims true reversion is possible providing the environment is
such that S forms which develeop in R cultures are able to manifest them-

selves, This is seldom possible under in vitro condions but may occur

in vivo.

In this study there was no evidence that true R toc 3 reversion oc-

curred either in vitro or in vivo., S forms which developed from R cultures

maintained for long periods of time in tryptose broth containing 2, 3, 5=~
triphenyltetrazolium chloride or from the small localized necrotic lesions
that developed in rabbits after subecutaneous inoculation of R cultures

to which Wydase had been added, were presumed to be the result of S type
cells in the R cultures or reverted S types. Webb and Barber (1937) re=

ported that platings of R colonies of L. monocytogenes resulted each time

in approximately equal numbers of both S and R fomms, indicating that
they may actually have had an I form rether than a true R, Seeliger and
Linzemmeier (1953) feiled to find evidence of S forms in R cultures even
after 18 mo observation., Hirato et al. (195)4) did not mention R to S re=-
version., However, from these meagre data it appears that there is no

true R to S reversion in cultures of L., monocytogenes.

From the photographs of R colonies of L. monocytogenes rublished by

Webb and Barber (1937), Barber (1939), Seeliger and Linzenmeier (1953)

and Hirato et al, (1$54), one can only speculate as to which particular
colony type they were dealing. DNone of the photographs appear to have

been made with obliquely reflected light. The R colonies described by

Webb and Barber (1$37) no doubt were type R~lj. This would explain the

almost equal numbers of S and R forms which developed from successive

platings. Other R forms which may have developed perhaps escaped detec=

tion due to the fact that obligue lighting was not employed. Only Barber
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(1939) mentions the occurrence of intermediate forms, The one nictured
appeared to be an R~} type. The R colonies shown may have besn Re3,

This was suggested by their irregular margins and long slender filamentous
cells, The cells of the intermediate type were a mixture of rods and
filements. In this respect their findings were similar to those reported

here,

The colonies shown by Hirato et al. (1954) appear to be R-~3. The
photomicrograph tends to confirm this. The colonies shown by Seeliger
and Linzemmeier (195)) were interesting because they are the only ones
to show evidence of sector formation, Other than that it would be dife
ficult to determine with which specific R form they were working as their

cultures were grown on blood agar,

Paterson (1940), in studies of the pathogenicity of L. monocytogenes

for the embryonating chicken, did not describe the R forms with which he
worked, Neither are there suggestions as to which possible B forms the
various French workers had encountered., (Verge and Goret, 1S4l; Belin,

1946 Harvier et al., 1943; Sedellian et al., 1948).

It is remarkable that of the several doctoral theses (Zeller, 1949;
Boekels, 19503 Schulz, 1950; Ozgen, 1951; Beinhauer, 1953) presented at
the Justus Liebig Veterinary High School, Giessen, Germany, none of the
authors mentioned the occurrence of R forms; in spite of extensive studies
on cultural characteristics including colonial morphology. Only Zeller
(1949) mentions the presence of halos on some colonies after several days

jncubation, The failure to recognize R forms must have resulted from

failure to employ obliguely reflected light.

There is & need for a more effective vaccine against listeric
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encephalitis than is presently available. The use of non-virulent variants
of several bacterial species as immunizing agents is well established,

The most notable type perhaps is the M form of Brucella abortus (Hudidelson,

1946). However in the genus Listerig it has been found that agglutinat-
ing antibodies are not a measure of protection against infection,
Julianelle (1941) on studies in mice was the first to suggest this,

Hunter et al. (1950) found that mice immunized with variants of L.
monocytogenes produced by exposure to radiocactive phosphorus, gave no
protection when the mice were challenged with a lethal dose of culture six
weeks later, It has been found in unpublished studies that rabbits im-
munized with S cultures of L., monocytogenes and which showed high agglut=~
inating antibody titers, (1:1280 or more) against S cultures weére not
always protected from a lethal exposure to the homologous culture, This
was again confirmed in the attempts to immunize rabbits with R cultures
as reported here, It is obvious that some other mesns to measure immunity
must be devised for this bacterium, Various investigators (Belin, 19463
Graham et al., 1943; Kaboyashi, 1951; Zink et al., ;s Potel, 1954
Ehrenhardt, 195)) found that many animal species show high agglutinating

titers against L, monocytogenes, Hirato et al. (195)4) reported wide fluc-

———

tuations in agglutinating titers of individual sheep during an outbresak
of listeriosis, Until the significance of these titers is determined, they
serve no purpose as an indication of either previous exposure or potential

resistance.

Hunter et 2l. (1950) and Seeliger and Linzenmeier (1953) are the
only investigators to mention agglutination studies with R cultures,

t al. (1950) agglutinated

Two of the 19 variants isolated by Hunter
spontaneously in saline when agglutination reactions were attempted,

No mention was made of autoagglutination in the remaining 17 variants
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studied. Seeliger and Linzenmeier (1953) found that R cultures showed a
strong tendency toward autoagglutination. Only by the employment of
ultrasonics were they able to prepare stable suspensions of R cultures,
By this method they were able to demonstrate specific agglutination of
R cultures. Autoagglutination did not present a particular problem in
this study. Its occurrence was inconsistent and at times invalidated
apparent results, Boeckels (1950 suggested that if a 0.,2% saline solu-

tion were employed for agglutination reactions with L, monocytogenes more

consistent results could be obtained than with 0.,85% saline. This has

not been used with R cultures but may prove useful in the future,

This report established that in the gepus Listeria at least 20 disw
tinet cclonial forms occur, six of which can be maintained in stable
form, Of these 20 forms, one is smooth and the others rough, Whether
any of the R forms occur in nature either within or outside the animal
body, or occur as common but unrecognized soil organisms or saprophytes
remains to be determined, However with the detection and recognition of
these 20 types attempts can be initiated to determine the natural reser~

voir of this microorganism,

SUMMARY

Twenty different colonial forms of Listeria monocytogenes could be
detected by means of obliguely reflected light and a binocular scanning
microscope. One of these forms was the naturally occurring smooth form
found in isolations from infected human or animel tissue., This type was
characterized by a small circular, slightly raised, finely textured, trans-
lucent, blue=-green colony. This gave rise either directly or indirectly

to the remaining 19 types designated as rough., They were characterized



- 116 -

by a variety of colonial forms which differed in textu.e, configuration,
or color from the smooth type. Only the smooth form was pathogeniec for
rabbits when inoculated intravenously or instilled into the eye. Six of
the 19 rough forms could be maintained in stable form. There were no
indications that rough types reverted to smooth, On the basis of fer=-
mentative and biochemical reactions the rough types were indistinguish-
able from the parent smooth type, but did differ in antigenic structure,
Certain rough forms which produced high agglutinating antibody titers
acainst the smooth form failed to protect rsbbits against a subsequent
lethal dose of smooth culture, It was suggested that antibodies found
in the blood of many animals which agglutinated the smooth type culture
were neither an indication of exposure nor of immunity. Because of the
ubigquitous nature of listeriosis in animals and man, there is a possibility
that some of these rough forms may eventually be found in either carrier

animals or substances sueh as soil or water,
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Listeria monocytogenes: A Review and Dissociation Studies

An Abstract

The thesis is divided into two parts.

Part one constitutes a review of the world's literature with
emphasis on the various disease processes with which the bacterium
Listeria monocytogenes, has been associated, Encephalitis in sheep,
cows and goats was the most prevalent form. Then followed sepficemia
with meningitis in manj; septicemia with or without meningitis in mono-
gastric animals, especially rodents; abortion in man; abortion in animals
and conjunctivitis in man, The accumulated reports failed to reveal
clear cut epidemiological trends and the specific mode of trensmission
was obscure, The blood of many normal animals was found to contain high
agglutinating antibody titers for L. monocytogenes., In no instance was
the bacterium found outside the animal body yet the wide distribution and
multiplicity of disease processes with which it has been associated sug-
gests that the bacterium is actually widely distributed in nature, perhaps
in an unrecognized form. |

Part two is a study devoted to the recognition and isolation of
‘*rough" colonial variants which develop in "smooth® cultures maintained
on artificial media under laboratory conditions. By means of obliguely
reflected light and a binocular scanning microscope 20 different colonial
forms of L. monocytogenes could be detected. One of these forms was the
naturally occuring smooth form found in isolations from infected human
or animal tissue, This was characterized by a small circular, slightly
raised, finely textured, translucent, blue-green colony which gave rise

either directly or indirectly to the remaining 19 rough types. These were
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characterized by a variety of colonial forms which differed in texture,
configuration, or color from the smooth type. Only the smooth form was
pathogenic for rabbits. 3Six of the 19 rough forms could be maintained

in pure form. Rough types were indistinguishable from the parent smooth
type in fermentative and biochemical reactions., Certain rough forms
which produced high agglutinating antibody titers against the smooth
form failed to protect rabbits against a subsequent lethal dose of smooth
culture, suggesting that antibodies found in the blood of many animals
which agglutinated smocoth type cultures were neither an indication of ex=-
posure nor immunity. Because of the ubiguitous nature of listeriocsis

in animals and men, there is a possibility that same rough forms may
eventually be found in either carrier animals or substances such as soil

and water,




