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INTRODUCTION

The organism Erysipelothrix rhusiopathiae is the

etiological agent of swine erysipelas, a disease which has
long been the cause of a serious 1llness in the swine of
Europe. The resulting economic loss served as a stimulus
to the Investigation of the disease, its cause, prevention,
and cure. Woodbine (1950) states that: "The mortality of
swine in Germany (1898-1924) costs over 10 million marks
and the disease, diagnosed in 17 of the United States, 1s
suggested as a ma jor cause of the 4.8 per cent of swine
condemned in 1931-32 after post-mortem inspection for ar-
thritis and other bone diseases.'" The incidence in the
United States was rare in the latter years of the nine-
teenth and the early years of the twentieth century, but
in the last thirty years, its occurrence has increased at
such a rate that Breed (1933) listed it as one of the
three most i1mportant diseases of swine.

The clinical entity known as "erysipeloid"” in man
has also been known for many years, and although its
incidence 1s not such that 1t 1s considered a disease of
ma jor importance, 1ts occasional appearance in sporadic

outbreaks among fish handlers, slaughterhouse employees,



veterinarians, butchers and other people coming in contact
with meat, fish and sea-food or thelr products, makes it
of considerable importance from a diagnostic standpoint.

The name E. erysipeloidis has been given to organisms

isclated from such cases.

Many early investigators noted that when rotten,
putrlid or decayed material such as horse meat or blood was
injected into mice they died in a few days of an over-
whelming septicemia. The organism which caused this mouse

septicemia is known as E. muriseptica.

There has been much confusion and controversy in the
clasgification and nomenclature of these organisms. The
"splitters" have cited differences in origin, morphology,
and cultural characteristics as reasons for considering

them as three separate species of the genus Erysipelothrix

while the "lumpers" disclaim these reasons, ascribe them
to variabillity of the organlsm, and on the basis of prac-
tical identity from a blochemical and serological stand-
point wish to consider them as all one species.

The present work was undertaken with the object of
clarifying the status of the members of the genus Erysipe-
lothrix. A large number of these strains representing all
of the species listed which are available have been collect-

ed. These have been studied from a standpoint of their
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HISTORICAL

Breed et al (194€) 1list Erysipelothrix as one of the

three genera under the family Corynebacteriaceae Lehmann
and Neumann. At various times since thelr discovery,
these organisms have been placed in the genera: Bacillus,

Pasteurella, Streptothrix, Babesla, Oospora, Bacterium,

Mycobacterium, Nocardia, Discomyces, Actinomyces, and now

finally in Erysipelothrix, The fact that these organisms

could have been considered as members of such diverse
groups may be attributed to: (1) the extreme variability
of the organisms as observed under different conditions by
the various investigators, (2) the changes made by the
systematists In the definitions of bacterial genera during
the last sixty years, and (3) the difficulty of classifying
the organisms from the conflicting and sometimes very meager
descriptions given by previous workers. In addition, there
have been reported by several authors, a number of cases in
which organisms possessing the characteristics generally
ascribed to this group have been isolated from various
sources, the earliest being mice, then swine, and then man.

Recently they have also been isolated from a variety of

animals including dogs, cats, foxes, rats, mink, deer, and



birds such as turkeys, pigeons, pheasants, parrots and
sparrows. The organisms have also been isolated from
different species of fresh and salt water fish and crabs.
In the cases of the earlier isolated types from mice,
swine, and man, the cultures from these sources were con-
sidered as various species of the same genus and were

called Erysipelothrix muriseptica, E. porci, and E. ery-

siveloides respectively. They were so divided because of

the marked variability of the microbe in the different
animals, although the early Investigators noted the sim-
ilarity of the three types. Consliderable difficulty was
enéountered by soﬁe workers in infecting swine experimen-
tally with the organism. Mice and pigeons were, however,
usually readlly susceptible, whille swine were much more
resistant. In addition, the strains lost thelr virulence
or were considerably weakened after many laboratory trans-
fers on artificial media. These facts were not known by
the early workers and lead to this division of the genus
into three species. Although several papers have been
written both for and agalinst this division, there has
never been sufficient evidence elucidated to allow a def-
inite separation and identiflcation of the three as they
are now listed.

One of the earliest accounts of the disease in the
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literature which may be attributed to organisms of the

genus Erysipelothrix is given by Baker (1872). He describ-

ed cases of erythema serpens in which the patients showed
mild erythema which was pink rather than red, no axillary
lymphatic involvement, history of a slight in jury, probably
a scratch, no pus, and a marginal advancing redness. The
disease was of 2 to 6 weeks duration with eventual disap-
pearance of the lesions. From this description we can be
almost sure that these patients were infected with organisms

of the genus Erysipelothrix. Baker, of course, had no know-

ledge of the etiology of the disease,.

Koch (1881), in an article discussing studies which
he had made of pathogenic organisms, mentioned the "Bacillus
of mouse septicemia" which was isolated from mice that had
died of septicemlia. This septicemla was caused by 1injec-
tion of putrid blood or meat infuslion broths. Very little
information was given about the organism except for a
brief description of the appearance of its growth in nutri-
ent gelatin:

"Colonien von Bacillen der MAusesepticamie
in N&hrgelatine geimpft. Namentlich im
obern TEeil des Impfstrichs erscheint die
elgenthumliche, verzweigte Form der
kleinen Colonien."

This was the first report of a member of the genus

Erysipelothrix found in the literature.




Pasteur in a letter to Dumas (1882) stated that
these organisms were very similar to the agent of fowl
cholera with the exception that they were smaller and
differed in their physiological properties (no specific
detalls were mentioned). He was able to cause the disease
in pigs by inoculation with the culture and observed that
rabbits and sheep were also affected by cultures of the
organism. He mentioned the work of Klein, who claimed
to have 1solated the etiological agent of swine erysipe-
las, but who had described the organism as a bacillus
with many spores. Although the disease entity known to
the Germans as "rotlauf" or "schweinesrothlauf", to the
French as "rouget" or "mal rouge des porcs", and to the
English speaking people as "swine erysipelas" had been
recognized for some time, this is one of the first reports
concerning the bacterioclogy of the disease.

The next year (1883) Pasteur and Thuillier made
use of a culture of the organisms to produce imrmunity
in swine. This was one of the first experiments using
the causative agent of a disease for thils purnose.

Trevisan (1885) gave the name Bacillus insidlosus

to the bacillus of mouse septicemia. This 1s the first
binomial term used for this organism. No description of

the organism was given but it was listed under the group

3
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of bacterla which formed spnores.
Schroeter (188C) classified the mouse septicemia

bacillus as Bacillus murinus. The organisms occurred

frequently in pairs and sometimes in chains of four. No
fllaments were formed in the blood of the mouse, but they
could be seen in cultures. Spores were often formed., Gel-
atin was never liquefied, but the organisms formed out-
growths like clouds in the medium. They were found in the
blood and meat infusions which had putrefied. In the szame

year (188€) Flugge called this microbe Bacillus murisepticus.

lLoeffler (1886) isolated from dead pigs an organism
which killed a guinea pig and a mouse into which 1t was
inoculated. He considered this organism to be different
from that which caused mouse septicemia. Schutz (1886)
reported on the inoculation of pigs with the organisms
isolated from cases of swine "rotlauf" and noted that
while some of the pigs showed symptoms, many remained ap-
parently quite healthy and the organisms which had been
in jected could not be recovered from their blood, spleen,
or joints at autopsy. He considered the agent isolated
from cases of "rotlauf" to be identical to that causing
"rouget du porcs'" and similar to that causing mouse sep-
ticemia. Experiments indicated the possibility of i1mmuni-

zing pigs against erysipelas by injections of cultures of



the causative agent.
In his earlier studies of human erysipeloid, Rosen-
bach (1887) isolated an organism from a case of erythema

migrans and placed it in the group Cladothrix. He was able

to produce typical symptoms of erysipeloid in himself by
Inoculating his arm with this organism.

Trevisan (1889) in his description of the genera and
specles of bacteria, classified the causative agent of

rotlauf as Bacillus thuillieri. In the same year however,

(1889), DeToni and Trevisan changed the genus name and

called it Pasteurella thuillieri.

In 1891, Emmerich and Mastbaum reported the immuni-
zation of rabbits by intravenous injection of a fully
virulent culture of "rotlauf" bacilli. Antisera from these
rabbits was used to protect mice and other rabbits from
injections of the fully virulent culture.

According to Brumpt (1927) the name Qospora rosen-

bachi Savageau and Radais 1892, was listed as a synonym

for Actinomyces rosenbachi.

Moore (1892) isolated an organism from the spleen
of pigs with acute septicemic lesions which he called the
bacillus of mouse septlicemia. It was a slender, non-motile
gram-positive rod which showed occasional filaments in

culture. The colonies were bluish gray by reflected light
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and the growth in gelatin showed a "test tube brush'
appearance., It was pathogenic for mice and pigeons but
rabblits and gulinea pigs were immune. Long cultivation
seemed to attenuate its pathogenic powers for mice. Pilgs
which were Iinoculated with cultures of the organism de-
veloped no symptoms.

Preisz (1892) described several morphological and
cultural differences between the swine and mouse strains
of the organism and on the basis of these differences
considered them to be different organisms.

In an attempt to clarify the reason for the path-
ogenicity of the organism of "schweinerotlaufs". Petri
and Massan (1893) noted the presence of the characteristic
"test tube brush" aprearance of the growth in gelatin
stabs, and by the use of lead acetate paper suspended over
the culture medium demonstrated that the organisms pro-
duced hydrogen sulfide.

Kitt (1893) called the causative agent of swine ery-

sipelas Bacillus rhusiopathlae suls, described them as

very small bacilli, 1 to 1.5 u long and 1/7 as wide as a
red blood cell. He mentioned the "test tube brush" ap-
pearsnce in gelatin and the fact that the organisms killled
mice and pigeons regularly and would sometimes kill rabbits.

Smith (1895) considered the bacillus of mouse
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septicemlia to be the same as the hacillus of swine ery-
sipelas. He described these bacilli as gram-positive rods
which formed acid in glucose and lactose, and were patho-
genic for mice and pigeons. These organisms gave a '"test
tube brush" appearance in gelatin stabs, but this character

did not appear when the medium was alkaline.

Migula (1895) called the rotlauf organism Bacterium

erysipelatos suum and that of mouse septicemilia Bacterium

murisepnticum. He considered them to be different speciles

and said that the cells of B. erysipelatos suum were

always shorter and thinner than those of B. murisepticum.

Kruse (1896) described the organism which caused
erysipeloid in man as growing in very fine branched fila-
ments with formation of spores. He said that it grew in
gelatin stabs with the characteristic fuzzy lateral out-
growths from the line of inoculation and called it Strep-

tothrix rosenbachii,

Lehmann and Neumann (1896) said that the organism
of erysipeloid most nearly resembled that of mouse septi-

cemia, but named it Oospora erysipelolidis. They said that

1t grew better at 20 C than a3t 37 C.
An antiserum was obtained from rabbits by LeClainche
(1897) which protected mice against virulent cultures of

the organisms isolated from cases of rouget.
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The tripomial Bacterlum rhusiopathiae suls was

given to the organism by Chester (1497) in his classifica-
tion of the bacteria, but in a later classification (1901)

he changed it to Mycobacterium rhuslopathiae. He described

this organism as a very small bacillus, slender, bent or
curved which also formed filaments. It was 0.2 to O.o n

by 1.8 p. In the depths of gelatin stabs, gray cloudy
radliating outgrowths appeared with softening of the gelatin
after some time. Indol was not produced. The organism was
pathogenic for mice, white rats, and pigeons in 3 to 4 days.
The mice died in a sitting position. He also listed

Mycobacterium murisenticum as: "Probably identical with

the preceding."”
Lachner-3andoval (189&) classified the agent of ery-

sipeloid as Actinomyces erysipeloides, while Migula (1900)

thought that it should be called Bacterium rhusiopathise.

Migula consldered B. rhuslopathiae to be different from

the bacillus of mouse septicemia.

Prettner (1901) indicated that the immunity of swine
to the rbtlauf bacillus depended upon many things, among
them: age, particular strain of pigs, and number of trans-
fers of the organism in artificial media or in other animals.
He claimed, for these reasons, that the results obtained by

Preisz were not sufficient to justify the latters conclusions.
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He substantiated this view by injecting pigs of various
ages wilith organisms directly from spleens of swine sick
with rotlauf. He also compared several strains of the
bacillus of mouse septicemia with strailns of freshly iso-
lated rotlauf bacilll and concluded that they were identi-

cal. He stated that the name Baclllus murisepticus was

used incorrectly and should be removed from the literature.

The same year, (1901), Lubowski isolated from the
feces of a 5 year old child with icteric intestinal ca-
tarrh, an organism with the following characteristics: It
was a fine, small, gram-negative (!) rod. The broth cul-
ture became cloudy and the organism formed hydrogen sulfide.
In gelatin stabs, it developed small knotty vegetations
along the line of i1noculation and after several transfers
it took on the characteristic '"test tube brush" appearance.
It was very strongly pathogenic for mice. He found that
they could be protected by antiserum against the swine ery-
sipelas organism. After disappearance of the icterus no
rotlauf bacilli could be recovered from the stool.

Gedoelst (1902) classified the organism of erysip-

eloid as Discomyces rosenbachi,

Gilchrist (1904) reported 329 cases of dermatitis,
mostly in fish handlers, in which 323 were caused by crab

bites or lesions produced by crabs. NoO organisms were
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ffound in cultures or in histological sections of the
lesions, but the erysipeloid condition was thought to be
caused by the bacillus of swine erysipelas.

Caminiti (1907) in a discussion of the genus Strep-

tothrix, listed Streptothrix erysiveloides as one of the

species 1in thils groun. No descrintion was given of the
organism.

A very complete early study of erysipelold and swine
erysinelas was done by Rosenbach (1909). He found that the
agent of mouse septicemia behaved in its pathogenicity Jjust
as that of swine erysipelas and as erysipeloid of man, Pi-
geons were susceptible to the microbes as well as mice. Rab-
bits were moderately suscentible and guinea pigs were com-
pletely immune. Rosenbach gave an excellent descrivption of
the clinical picture of the disease in man, swine, and mice.
He attached considerable importance to the extent of the
growth of various strains in gelatin and also to morphologi-
cal changes between the three strains. He only worked with a
few cultures which he divided into the followling species:

Erysipelothrix porci, E. erysipeloidis and E. murlseptica.

Rosenbach studied one culture only from erysipeloid,
as pointed out by Rickmann (1909), and was therefore liable
to error. Rickmann studled Rosenbach's culture from ery-

sipeloid and over 100 others i1isolated from rotlauf cadavers.
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He said that he could find no real morphological difference
in a large number of cultures from rotlauf, erysipeloid,

and mouse septicemia and concluded that they were absolutely
identical, since the immune and agglutination reactions were
also about the same for all three organisms.

The organism was classified as Nocardla rosenbachi by

Castellani and Chalmers (1913) and was described only very
briefly as follows: "Mycelial threads, very slender, some
terminate in club-like swellings. Can be cultivated on the
usual laboratory media. Does not liquefy gelatin."

Crimi (1914) gave an excellent description of the
characters affecting the growth of the organism in gelatin
stabs. He noted that the growth from all strains was not
necessarily always of the '"brush" type in this medium. This
characteristic depended, he found, upon the number of trans-
fers 1n gelatin, the type of nutrient material added, and
the pH of the medium. He found that cultures which did not
at first give "brush" type growth, could usually be induced
to do so after having been carried through several transfers
at a neutral or slightly alkaline pH. This type of growth
was better In fresh meat infusion broth with gelatin added
than in solutions of Liebig Meat Extract with gelatin added.
The gelatin was never liquefled regardless of the type of

growth., The production of hydrogen sulflde could not be
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demonstrated with lead acetate paper and the organisms did
not reduce neutral red or methylene blue. In a broth con-
taining potassium tellurite, a brownish color was formed in
the medium and a black deposit settled out after several
days incubation. Catalase was never formed.

Cotonli (1919) studied 11 strains, of which 9 were
isolated from swine and 2 were obtained from Jouan and
Cesari. These non-motlle, gram-positive rods grew as very
small transparent colonles on agar. Some cultures split
glucose, hydrogen sulfide was produced and they did not
liquefy gelatin or coagulated serum. They were insoluble
in bile and had no hemolytic action agalnst guinea pig,
rabbit, sheep, horse and cow blood cells. One culture
which_was sealed in a Martin's broth tube at 37 C kept for
5 years. All strains were pathogenic for mice and plgeons,
while rabblts survived large doses and guinea pigs were
completely resistant. He called them "bacille du roget".

Tepbrqek (1920) maintained that there was no essen-

tilal difference between Erysipelothrix rhusiopathlae and

Bacillus murisepticus. He showed that both would form the

"test tube brush" type of growth in gelatin stabs, but 1t
did not happen when the medium was acid. This was, inci-
dentally, in direct contradiction to Smith's (cit.) state-

ment. Hydrogen sulfide was formed, blackening lead acetate
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medium in 2% hours. Acld was formed 1n glucose and lactose
but no acid was formed in sucrose, xylose, dulcitol, manni-
tol, inulin, salicin, dextrin, starch, maltose, and glycerol.
There was a distinct zone of hemolysis around the colonies.
Indol was not formed. The organisms were quite pathogenic
for gray and white mice, pigeons and snarrows.

Winslow et al (1920) listed the genus Erysipelothrix

Rosenbach with the following descrintion:

Rod shaped organisms with a tendency to the
formation of long filaments which may show
branching. The filaments may also thicken and
show characteristic granules. No svores. Non-
motile. Gram-positive. Do not produce acid.
Microaerophilic. Usually parasitic. The type
svecies is Erysipelothrix rhusiopathiae (Bacillus
rhusiopathiae suils Kitt, 1893; Mycobacterium
rhusiopathiae Chester, 1901; Frysipelothrix
porci Rosenbach, 1909), the causal organism of
swine erysipelas.

In addition, two svpecles were listed under this genus by

Holland (1920): (1) Erysipelothrix erysipelatos-suis and

(2) Erysipelothrix rhusiopathiase Kitt.

Glucose, lactose, and fructose were reported by
Creech (1921) to be fermented. Andrade's indicator was
used. There was no indication of acid in arabinose, dul-
citol, galactose, inulin, maltose, mannitol, raffinose,
sucrose, salicin, and xylose. The organism was easily
passed in pigeons.

Dumont and Cotonil (1921) isolated an organism
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resembling the bacillus of “rouget du porc'" from the cerebro-
spinal fluid of an Italian soldier who dled of meningitis.
They noted two types of growth in gelatin stabs: 'beaded"
and '"brush" forms. There was no liquefaction of the gelatin
and the organlisms were very viable over long periods of
time.

Neveu-Lemaire (1921) classified the agent of rouget

as Bacillus ruboris suis. He sald that 1t was of very small

dimensions (1 p long). It occurred as isolated rods or in
pairs in the blood and was a gram-positive, non-motlle rod.
The organism was a facultative aerobe or anaerobe, but pre-
ferred anaeroblic conditions. It did not liquefy gelatin.
Jsing both precipitin and agglutinin methods,
Teichmann (1922) was not able to demonstrate any clear
difference between 1ndividual strains of swine rotlauf.
Zibert (1922) studiled 25 cultures isolated from swine
and mice, some freshly isolated and some passed through doves,
mlice, or on media for many passages and found that acild was
produced in many carbohydrates. The strongest acid produc-
tion was in lactose, then maltose, glucose and galactose.
It was somewhat weaker in fructose, sucrose, arablinose, and
rhamnose. Sti1ll weaker but definitely acid were mannitol
and dulcitol. There was absolutely no acid 1n glycerol.

Organisms isolated from swine and mice were morphologically
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the same. He concluded therefore, that the kinds of rotlauf
bacilli (from mice or swine) could not be differentiated by
chemical or morphological tests. He said that chemical tests
were not reliable and morphological tests were not constant.

As a result of microscopic studies made from sections
of gelatin and agar cultures, Zosel (1922) decided that

Bacillus murisepticus acted just like the swine rotlauf

bacillus in these medla.

From a fatal disease of young pigs, Giltner (1922)
isolated an organism with the following properties: Lead
acetate was blackened 1n 24 hours and indol was not formed.
Aci& but no gas was formed in glucose, galactose, lactose,
maltose, and fructose. There was no acid formed in sucrose,
salicin, mannitol, dulcitol, arabinose, or raffinose.

Bergey (1923) said that Pasteurella muriseptica was

gram-negative., The organism had a flliform arborescent
growth in gelatin stabs. It did not form indol nor did it
reduce nitrates. It was microaerophilic and the optimum
temperature was 37 C.

The viability of rotlauf bacilli in wvarious soils
was reported by Hesse (1924) to vary considerably. The most
important factor was the reaction of the soil. The or-
ganisms could be recovered after 90 days from alkaline soil

which had been inoculated and he believed that they could
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probably live a year 1n such soil. In acid soils, they
died out in a day or so.

Cornell and Glover (1925) isolated organisms from
joint-111 in lambs. These organisms gave a characteristic
appearance in gelatin stabs. They produced acid but no gas
in glucose, lactose, maltose, and fructose and slight acid
in inulin. There was no change in sucrose, mannitol,
dulcitol, salicin, arabinose, and glycerol. The organisms
were recovered from the heart, spleen, kidney, articular
cavities and subcutaneous abcesses of lambs which had dled
of erysipelas infection. 1 ml of the culture inoculated
subcutaneously was pathogenic for lambs.

Klauder (1920) indicated that the organism of ery-
sipeloid in man and the organism of swine erysipelas were
the same. He stated that there was no report of the in-
fection of man in this country up to the date of the arti-
cle. However, in a publication appearing only a short time
later, Klauder, Righter, and Harkins (1926) gave a very good
clinical description of the disease and stated that it was
familliar to physlcians along the New Jersey coast and that
it also appeared from Maine to Florida.

Lehmann and Neumann (1927) classified the erysipeloid

organism as Bacterium erysineloides, and retained the names

Bacterium murisepticum and Bacterium erysipelatos suum
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already given these organisms.

Brumpt (1927) classifled the organism as Actinomyces

rosenbachi (Kruse 189(). He gave no information about the

organisms except to note the characteristic appearance in
gelatin and the appearance of the lesions.

Harkins (1927) demonstrated that the morphological,
biological and serologilical characteristics of organisms
isolated from erysipeloid of fish-handlers were allke. He
consldered the eétilological agent to be the same as that of
swine erysipelas.

Another report of viability was by Helm (1928) who
found that cultures of rotlauf bacilli in broth could re-
main viable and virulent for a year if the tubes were
sealed to avold the loss of moisture.

Spryszak and Szmanowski (1929) grew the organisms in
broth with antiserum added and eventually obtained two
types of colonies: a smooth regular coclony and a rough
type with the surface folded and granular with a dentate
border. The normal smooth colonies contalned short bac-
teria and the rough colonies had long fllamentous chains
of bacteria.

In an investigation of arthritis in lambs, Marsh
(1930) isolated organisms which he considered i1dentical

with those of swine erysipelas. He reported a green zone
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of hemolysis around deep colonies. The organism formed
acld in glucose, fructose, lactose, and gelatose. No
Acid was formed in sucrose, mannitol, salicin, dextrin,
maltose, and glycerol. The organisms killed mice easily
and caused arthritis after a month or so in lambs,
Vuillemin (1931) classified the organism of rouget

as Nocardia thuillieri.

Meyn (1931) in addition to describing the rough and
smooth forms of colonies of rotlauf bacteria, also indi-
cated that the smooth type formed an even turbidity in
broth cultures and that the rough type formed a fine or
heavy flocculant turbidity. He alsoc said that the smooth
colonies did not give the characteristic appearance in
gelatin stabs, but that the rough colonies would do so.
These two types could be changed back and forth by culti-
vation on artificlal medla or by animal passage.

Marsh (1931) reported further that organisms isola-
ted from arthritis in lambs fermented glucose, fructose,
lactose, gelatose, and arabinose. They falled to ferment
sucrose, mannitol, salicin, dextrin, maltose, and glycerol.

Human infection was more frequently obtalned by con-
tact with fish and crustacea than by contact with swine
flesh according to Klauder and Harkins (1931).

Schoening, Creech and Grey (1932) described a
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diagnostic test for swine erysivelas which depended upon
the agglutination of cultures of the organisms by blood or
serum from the suspected animal.

Creech (19233) tried the inoculation of young pigs
with cultures of the bacillus of swine erysipelas and found
that only 11 of 22 inoculated with the organism showed def-
inite symptoms of the disease. O0f these 11 only 5 died.

Typical erysipelothritic arthritis could be caused
in lambs by exposing the stump of the umbilical cord, the
docking wound, or the castration wound to soll which had

been impregnated with cultures of E. rhusiopathiae, as was

shown by Marsh (1923). 1In a later publication (Marsh, 1933b)

he showed that Erysipelothrix strains from lambs and swine

were serologically identical.

Schoening and Creech (1933) reported on an improvement
of the agglutination dlagnostic test by using a killed
antigen rather than live broth cultures.

Sewage from Kdnigsberg was injected into mice by
Hettche and Daneel (1934) and organisms which resembled
rotlauf bacilli were isolated from the mice.

The swine erysilipelas organism was reported by Stiles
and Davis (1934) to ferment glucose, lactose, fructose, and
galactose., No acid formation occurred in dulcitol, sucrose,

salicin, or mannitol, Pigeons and white mice were
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susceptible to the disease, succumbing in 2 to 5 days.

An outbreak of 210 cases of erysipeloid occurred
in the flrst 10 months of operation of a bone button
factory (McGinnes and Spindle, 1934). The organism was
isolated from the workers by injecting and reaspirating
sterile saline and then injecting this into mice. Cattle
and hog bones were used in this factory.

Material such as scrapings from marine and fresh
water fish, frogs, houseflies, and putrefied horse-
flesh were i1lncubated iIn broth at 37 C and 0.2 ml of this
broth was injected subcutaneously into mlce by Kondc and
Sugimura (1935). Most of the mice died in several days
showlng septlcemlc infection with rotlauf bacilli. Schoop
(1936) also found erysipelothrix organisms on many differ-
ent tynes of fish. His cultures would not grow in 2.7 per
cent sodium chloride medilum.

The organism of swine rotlauf was isolated by
Mikschofsky (1936) from the blood and heart valves of a dog
which had died of endocarditis.

A pure culture of the bacillus of swine erysipelas
was obtained from the autopsy of each of 20 turkeys which
had died within a shert time of each other in a single
flock (Beaudette and Hudson, 1936). All strains produced

characteristic growth in gelatin stabs and blackened lead
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acetate agar along the path of inoculation. Fermentations
were studled in two series. In the first, acid was pro-
duced in arabinose. glucose, lactose, galactose, and fruc-
tose with the exception of one strain which falled to at-
tack arabinose. (In all cases only slight acid was formed
in arabinose). The authors stated that there was sone
suggestion of acid formation in xylose. The organisms did
not attack adonitol, amygdalin, dextrin, dulcitol, erythri-
tol, 1lnositol, salicin, inulin, maltose, mannitol, melezi-
tose, raffinose, rhamnose, sorbitol, soluble starch, sucrose,
and trehalose. In the second series, galactose, fructose,
and inositol were not included. Glucose and lactose were
regularly fermented as in the first series but no strains
attacked arabinose. A single strailn produced a very slight
acld reaction in xylose. The substrates not attacked in the
first series were likewise negative in the second series.
Deem and Williams (193¢C) studied 37 strains of E.

rhusiopathiase, of which 26 came from Eurove. With a medium

at pH 7.2 using Andrade's indicator they found that glucose,
lactose, fructose, and galactose were fermented by &all strains;
mannose was fermented by 20 of the 37 strains, arabinose and
xylose were fermented by a few strains each and the following
carbohydrates gave no acid: maltose, sucrose, raffinose,

dextrin, inulin, starch, salicin, dulclitol, glycerol, and
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mannitol.

A liver digest medium with the addition of 1 per
cent Bacto-peptone and 0.5 per cent sodium chloride was
suggested by Vawter (1937) as a good culture wmedium for E.

rhusiopathiae. The medium was adjusted to pH 7.0 or 7.7

before sterilizing and 2 to 4 per cent of sterile horse
serumn was added after sterilization.

In further studies on the occurrence of the rotlauf
organism in city sewage, Hettche (1937) 1lndicated that he
had been able to obtain these microbes from the sewage of
Konigsberg and Munich a number of times. He also found
that the organisms could exist for from 4 days to several
weeks 1n sea water, aguarium water and sewage. The viability
of the organisms was greater in agquarium water and sewage
than in tap water.

Schoening, Gochenour and Grey (193&) made a study of

the smooth and rough forms of E. rhusiopathliae. They found

that maximum changes were not obtained until after 7 days on
solid media. Typical smooth colonies were circular with a
sharply defined regular outline, and showed granular inclu-
sions which were also of rather regular outline. The entire
colony was smooth, with a well raised, convex surface. The
tyvrical rough colony was quite irregular in outline and was

also flat, especially as the margins were approached. It
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was coarsely granular on the surface and »nresented in the
center a coarsely granular dense area that was ralsed with
a convex surface. The granules appeared to have exploded
into 1rregularly polnted masses of varying sizes. Inter-
medlate types were also noted. The pH seemed to affect the
change to rough types, with media under pH 7.2 and over 7.8
tending to form rough colonies.

Paterson (1938) reported that an organism isolated
from an infected horse gave acid but no gas in glucose,
lactose, maltose, fructose, soluble starch, dextrin, galac-
tose, arablnose (slight), and xylose (slight). No acid
was formed 1in sucrose, mannitol, dulcitol, inositol, glyc-
erol, 1nulin, salicin, raffinose, rhamnose, and litmus milk.,

Klauder (1938) reported on 100 cases of human erysipe-
loid of which most were workers in an abatoir. There were
a few food and fish handlers. There was one death from
sulcide after 29 months of chronic infection with the or-
ganism.

Another incidence of the outbreak of erysipelas in
turkey flocks was discussed by VanRoekel, Bullis, and Clarke
(1938). The organlsms were readily isolated from the in-
fected organs by heavy inoculation on chicken infusion agar
plates. Abllity to attack fermentable substances was stud-

ied in a cattle serum water medium. All 24 strains studied
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formed acid in glucose, galactose, lactose, fructose, and
mannose. Nine strains were slow in attacking mannose,
Xylose showed slight change with eight strains. No strains
attacked arabinose, dextrin, dulcitol, inositol, inulin,
maltose, mannitol, raffinose, rhamnose, salicin, sorbitol,

sucrose, or xylose. A strain of known E. muriseptica pro-

duced acid in glucose, fructose and sucrose and very late
in galactose and lactose., It did not attack arabinose,
dulcitol, inositol, inulln, maltose, mannitol, mannose,
raffinose, rhamnose, salicin, sorbitol, or xylose. None
darkened lead acetate agar stab cultures although growth
was noted along the inoculation. Growth in gelatin stabs
was characteristic in all strains. The organisms could be
passed in chickens. These chickens showed a titer against
the orgenisms which was sometimes quite high.

Breed's (1948) description of E. rhusionathiae in

Bergey's Manual was taken largely from the work of Karlson
(1938). A study of 52 cultures revealed little difference
between them. When 1solated from tissue the organism was

a short slender rod 1 to 2 2 long. It formed round shiny
colonies about 1 mm in diameter. When kept on agar, fila-
ments 4 to 15 o long could be found. These filamented types
formed irregular, opaque colonies 2 to 4 mm in dlameter.

There was no liquefaction of gelatin, but the growth
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radiated in "test tube brush' fashion from the line of
inocculation., Litmus milk could become slightly acid. A
narrow zone of green hemolysis was formed on blood agar
plates around deep colonies. Indol was not produced. Voges-
Proskauer, methylene blue reductase and catalase tests were
all negative. Aesculin was not hydrolyzed, and no gas was
formed on any fermentable medium. Acild was formed in glu-
cose, galactose, fructose, and lactose. There was a delay-
ed reaction on mannose and cellobiose. No acid was formed
in arabinose, xylose, rhamnose, maltose, melibiose, sucrose,
trehalose, raffinose, melezitose, dextrin, starch, inulin,
amygdalin, salicin, glycerol, erythritol, mannitol, sorbi-
tol, dulcitol, or inositol. A reaction of pH 7.0 gave
maximum growth at 35 C.

Barber ( 1939) studied six strains of Erysipelothrix

and five strains of Listerella monocytogenes to determine

whether they should be included in one genus. She men-
tioned the fact that staining was sometimes irregular, but
no true granules were found in any strains studied., She
gave a very detailed description of the cultural charac-
teristics of the smooth, intermediate, and rough forms on
agar. In broth, the smooth colonies showed a uniform tur-
bidity with slight sediment which disintegrated upon shak-

ing. The rough forms showed little turbldity, with
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thread-1like masses of denosit which were 4ifficult to
disintegrate. In gelatin stabs, four of the strains

showed "lamp brush" tyne of growth while the other two

gave a filiform growth. No liquefaction occurred. A

trace of hemolysin was produced on blood agar nlates.

Acid was formed in glucose and lactose by all strailns.

One strain formed acid in fructose and three strains form-
ed acid in galactose. No acid was formed by arabinose,
xylose, rhamnose, sucrose, maltose, trehalose, raffinose,
starch, inulin, dextrin, glycogen, glycerol, mannitol,
dulcitol, sorbitol, salicin, or inositol. A trace of hy-
drogen sulfide was formed by one straln and the others were
negative. All strains were catalase and indol negative.
Organisms were pathogenic to pigeons and mice. Rabbits died
of the infection if large doses were given., A circulating
monocytosls was caused in mice and rabbits by injection with

strains of Erysipelothrix.

Morrill (1939) renorted that strains of organisms
isolated from lesions of a veterinary student and from a
horse cadaver produced acid from glucose, lactose, and
sucrose, but not from maltose.

Organisms isolated from a fatal disease of ducks in
Illinois by Graham, levine, and Hester (1939) were renort-

ed to form no acid on glucose, maltose, lactose or sucrose.
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Using phenol red broth base, Rosenwald and Dickenson
(1939) found that four strains of swine erysipelas organ-
lsms 1solated from turkeys fermented glucose, lactose,
galactose, and fructose. One strain produced a small amount
of acid in xylose. There was no blackening of lead acetate
agar.

Kohl (1940) compared the morphological, cultural,
biochemical, serological and biological properties of B.

murisepticum and B. erysipelatis suils, using 7 strains of

mouse and 4 strains of swine bacilli. He stated that there
was not the slightest morphological difference between the
two types of bacteria, they were culturally the same, and
were also alike in their reactions on 10 sugar and alcohol
media, Biologically, the MLD for white mice was about the
same for both tynmes. Strains of both were agglutinated by
antiserum from either,

watts (1940) studied 43 strains, of which 24 were
English, 6 French, 4 German, 4 Japanese, 3 American, and
2 Dutch. All produced acid in 48 hours in glucose, maltose,
lactose, fructose, starch, and dextrin. Some, after further
incubation for 14 days, produced a slight but definite acid
reaction in arabinose (v strains), dulcitol (10 strains),
glycerol (8 strains), inulin (12 strains), mannitol ¥8 strains)

sucrose (12 stralns), xylose (10 strains), and inositol



32

(4 strains). Salicin was not fermented. The best growth
was obtained on 1 ner cent glucose agar at pH 7.8.

An organism was obtained by Russell and Lamb (1940)
from six different blood cultures of a lobster fisherman
with endocarditis. It was a small, slender, straight or
curved gram-positive rod which formed a "test tube brush"
appearance in gelatin and produced acid in glucose, galac-
tose, fructose, and lactose. No acid was produced in
arabinose, xylose, mannose, sucrose, maltose, raffinose,
starch, inulin, dextrin, dulcitol, glycerol, mannitol, or
salicin. Nitrates were not reduced, and the organism was
catalase negative.

Atkinson (1941) reported that 33 Australian strains

of Erysipelothrix formed acid from glucose, lactose, and
maltose, but not from sucrose and mannitol.

Strains of E. rhusiopathiae isolated from 16 out-

breaks in turkeys fermented galactose, glucose, lactose,
and fructose (Rosenwald and Dickenson, 1941). Xylose was
occasionally fermented. Parenteral injection killed mice,
pligeons and turkeys, but guinea pigs and chickens survived
such in jections.

Karlson and Merchant (1941) reviewed the literature
and studied 60 different strains obtalned from different

laboratories in this country. Meat infusion broth was used,
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with Andrade's indicator added for fermentation studies.
They made note of the stralght, curved, or comma shaped
rods with frequent occurrence of palred cells. In gelatin
stab cultures all strains developed the '"test tube brush'
type of growth in 48 hours. Some cultures showed a slight
reaction in litmus milk after seven days iIncubation. A
positive test for hydrogen sulfide was obtained in 24 hours
in stab cultures on lead acetate agar. Serum was added to
the broth for the first series of carbohydrate tests, and
positive reactions were obtained on glucose, maltose,
sucrose, arabinose, xylose, and dextrin in 24 hours. Serum
was then omitted with the result that no reaction occurred
in sucrose, maltose, arabinose, xylose, or dextrin. Only
four showed acid formation in 48 hours: glucose, galactose,
lactose, and fructose. In mannose a faint reaction was seen
after two days. Delayed reactions occurred in ¢ more mannose
cultures during the 21 days of 1ncubation. The reaction in
cellobiose was positive 1n all but nine cultures in 12 days
and in 21 days all cultures showed acid in this substrate.
Cultures drled over the summer for 4 months remained viable
for the most part. One set of cultures kept 8 months in the
refrigerator were found to be viable. No acid formation was
ever observed on arabinose, xylose, rhamnose, maltose,

melibiose, sucrose, trehalose, raffinose, melezitose, dextrin,
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starch, inulin, amygdalin, salicin, glycerol, erythritol,
adonitol, mannitol, sorbitol, dulcitol, or inositol.

Van Es and McGrath (1l942) gave a very complete re-
view of the history of swine erysipelas. They discussed
the etiology, epizootiology, clinicai manifestations,
pathologic anatomy, diagnosis, proph;laxis, and therapy of
thls disease at length.

Van Es (1942) described in a similar manner the in-
fection in humans caused by this organism.

Hutner (1942) found that bile helped the growth of

E. rhusiopathiae when 1t was lncorporated into the medium.

Glucose, when added to the medium, speeded the growth of
the organism. The addition of oleic acid and saponin also
gave good growth.

Packer (1943) reported that E. rhusiopathiae grew well

in a medium containing 1:100,000 crystal violet and 1:1,000
sodium azide 1n tryptose broth at pH 6.8. Most other organ-
isms studied were inhibited by this medium.

A culture isolated at an autopsy of a human case of E.

rhusiopathiae septicemia and investigated by Klauder, Kramer,

and Nicholas (1943) produced acid in glucose, xylose, and
lactose, but did not form hydrogen sulfide. Maltose, sucrose,
or mannitol were not acidified. Sulfa drugs were not effecs

tive in controlling the disease,
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Gledhill (1945) was able to separate 20 of 31 strains

of Erysipelothrix into 4 serological groups by agglutina-

tion-absorption methods. The remainder would have required
several more groups for classification. The strains were
all serologlcally, qualitatively homogenous with regard to
their antigens of which there were many. He felt that the
difference between the serological groups arose from a dif-
ference 1n the quantitative or spatial distribution of
their antigens.

Van Es, Olney, and Blore (1945) reported that peni-
ci1llin was effective in treatment of pigeons infected with

E. rhusiopathiae.

Drake and Hall (1947) isoclated a strain of E. rhu-
siopathiase from a rat collected in a rat survey. The
organism formed acid in glucose and lactose, but not in
sucrose and mannitol. The hydrogen sulfide test was
weakly positive. The organism grew on a medium containing
1:1,000 sodium azide and 1:100,000 crystal violet. It
would also grow on 1:2,000 potassium tellurite medium.

Stiles (1947) reported that a serious chronic case of
erysipeloid with skin eruptions of nine months duration was
cleared up when treated with penicillin.

In cultures of E. rhusiopathiae isolated from fowl,

Hudson (194Gg) found that all strains fermented glucose and
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lactose, but none maltose or s:crose.

Brown et al (1949) isolated the organism of swine
erysipelas from an outbreak of the disease in turkeys. It
wvas a small, slim, gram-nocitive, non-motile rod which grew
very delicately on plain agar. A suspension of the growth
was agglutinated by swine erysipelas antiserum. It did not
form indol, but 1t did produce hydrogen sulfide. Glucose
and lactose were fermented without gas production, but
sucrose was not attacked. Wwhen pigeons were injected intra-
muscularly with the culture, they died in 48 to 96 hours.
Penicillin seemed to help prevent the death -of sick birds.

%%huma%ﬁ and Lee (1950) found that hamsters were sus-

ceptible to strain M3LP3 of E. rhusiopathiae. 1 ml of a

broth culture killed them in 9 to 11 days.

A review by Woodbine (1950) described the forms of the
disease in man, animals, and birds. A cutaneous form of the
infection may appear in man, usually mlld and localized to
the hands, but occaslonally spreading extensively. An Ery-

sipelothrix septicemia may occur in man leading to a fatal

endocarditis. The cutaneous form in pigs usually takes the
form of "diamonds" of 1infected skin. In addition to this
milder form of the disease, an acute septicemic type with
high mortality may occur or the disease may become chronic

and localize 1n vegetatlons on the heart valves, or infect



the joints to caunse arthritis. Infection in lambs and sheep

is usually of the arthritic tyre. Erysipelothrix, like

I.isteria monocytogenes can cause monocytosis 1n rabits, but

in the case of infection by Erysipelothrix the condition is

usually non-fatal. The septicemic form of the disease fre-
quently occurs in birds. Woodbine was able, by the use of
a peptone water-horse serum medlium, to demonstrate produc-
tion of acid but no gas from glucose, galactose, lactose,
and fructose, Maltose gave an acid reaction when 5 per cent
bovine serum was added to 1 per cent maltose peptone water.
In addition, hydrogen sulfide was usually produced, the
"test tube brush'" appearance usually occurred in gelatin

medium and mice were killed in 3 to 5 days. E. rhusionathiae

was agglutinated by antiserum prepared against any one strain.
the organisms were sensitive to penicillin and streptomycin
in vivo and these drugs appeared acceptable for treatment of

the infectlon in man.
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MATERIALS AND METHODS

MEDIA
It was found, as described in the literature, that

Erysipelothrix would grow on the ordinary media such as

nutrient broth and agar, meat infusion broth and agar,
and on blood agar plates. The development on these media,
however, was slow and the growth was very scanty. The
stock cultures were maintained on Cystine Trypticase Agar:
C.T.A. MEDIUM
Cystine Tryptlcase Agar

Baltimore Bilological Laboratories No. 174
Formula in grams per liter

Cystine 0.5 gm
Trypticase 20.0 gm
Agar § 2.E gm
Sodium chloride 5.0 gm
Sodium sulfite 0.5 gm
Phenol red 0.017 gm

29.5 gm of the powder 1s suspended in a liter
of water, boiled until solution 1is complete and dis-
pensed in suitable tubes. Sterilized at 118 C for 15
minutes.

This made an excellent conservation medium when dis-
pensed in screw-capped vials or when the tubes were cover-

ed with »lastic Celon1 caps after burning off the excess

1Celon caps are obtained from the Celon Company, 2034
Pennsylvania Ave., Madison 4, Wisconsin.
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cotton. Theese methods minimized loss of moisture but the
screw=-capped vials were unfortunately susceptible to con-
tamination with molds. We did not experlence any contam-
ination during several months, when Celon caps were used.

Stabs of Erysipelothrix strains into thils medium, kept in

the refrigerator at 4 C after initial incubation for 2 to
3 days at 33 C have been found to be viable for periods of
at least 10 months.

The rapidity and amount of growth of a number of
strains of the organism was observed on several commercial-
ly available dehydrated media. This was for the two-fold
purpose of observing the types of growth on different wmedia
employed frequently in diagnostic laboratories and at the
same time flnding a suitable medium to serve as a basal for
further studles. The media employed were: Trypticase Soy
Broth (BBL No. 162), Trypticase Soy Agar (BBL No. 108),
Fluid Thioglycollate Medium (BBL No. 1l40), Cystine Trypti-
case Agar (BBL No, 174), Eosin Methylene Blue Agar (BBL No.
178), Desoxycholate Agar (BBL No. 111), Eugonagar (BBL No.
265), and Salmonella Shigella Agar (BBL No. 270). Since
none of the broth media tried supported luxuriant growth of
the organism, Tryptlcase and Yeast Extract in varylng con-
centrations and various combinations were used. A basal

with the following compositlon was found to support rapid,
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moderately heavy growth of Erysipelothrix:

Basal Broth Medilum

Trypticase (BBL) 40 gm
Yeast Extract(BBL) 10 gm
Distllled water 1000 ml

Ad just to pH 7.8 ¥ 0.1 and sterilize in
sultable tubes at 121 ¢ for 15 wminutes.

Basal Agar Medium. A s0lid medium, for plating and

slants, was made by adding 1.5 per cent agar to the Basal
Broth Medium.

Blood Agar, Blood agar plates were prepared by add-

ing 5 per cent sterile defibrinated steer's blood to the
Basal Agar Medium.

Tellurite Medlum. A tellurite differential medium

was made by adding 1 ml of sterile 1 per cent potassium
tellurite solution to 100 ml of Basal Agar Medium which had
been melted and cooled to 45 C. The potassium tellurite was
sterilized separately in agueous solution at 121 C for 15
minutes.

Gelatin Medilum. A gelatin medium was made by adding

12 per cent gelatin to the Basal Broth Medilum.

Sodium Chloride Medium. Sodium chloride was added

in concentrations of 1, 2, 3, 4, 5, 6, 6.5, and 7 per cent
to the Basal Broth Medium.

Nitrate Medium. A semi-solid medium with the follow-

ing composition was used to test the abllity of the organism
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to reduce nitrates to nitrites:

Nitrate Medium

Trypticase LO gm
Yeast Extract 10 gm
Glucose 10 gm
Potassium nitrate 1l gm
Agar 1 gm
Distilled water 1000 ml

Dissolve by bolling. Dispense in 15 ml
amounts in test tubes and cap with aluminum caps. Steri-
lize at 121 C for 15 minutes.

Selective~-Differential Medium. A selective-differ-

ential medium was made by adding 2 ml of 5 per cent phenol
and 1 ml of sterile 1 per cent potasslum tellurite to 100
ml of Basal Agar Medium which had been melted and cooled
to 45 C. This gave a final concentration of 0.1 per cent
phencol and 0,01 per cent potassium tellurite.

Fermentation Media. Three fermentation media were

used for the carbohydrates, polyalcohols and glucosides.

Their Composition follows:

Fermentation Medium No. 1

Yeast Extract hy gm
KoHPOY 2 gm
MgS0), . TH,O 0.1 gm
Distilled water 1000 ml

To this basal was added one per cent of xylose, arabinose,
galactose, maltose, and melibiose. These were filtered
through Seitz filters and dispensed into sterile test tubes

with aluminum caps. The other substrates were added to the
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basal 1n one per cent concentrations, tubed, capped, and
sterilized at 121 C for 15 minutes. All were inoculated
with one drop of a 24 hour culture of the test organism in
the basal without carbohydrate and were incubated for two
weeks at 37 C. The cultures were then steamed for ten
minutes and the pH was determined with a Beckmann Model G
PH Meter, using a glass electrode.

Fermentation Medium No. 2

Trypticase 4y gm
KoHPOy 2 gm
MgSoy - TH20 0.1 gm
Distilled water 1000 ml

In an attempt to keep the initial pH of this medium higher,
it was adjusted to pH_§;g:.O.l before addition of the car-
bohydrates or alcohols. The preparation and treatment were
otherwise i1dentical to that described for Fermentation
Medium No. 1.

There were variations in the fermentations of the
substrates by the organisms in these two media and there
was considerable variation in the initial pH of the media
with the various substrates. In addition, it was found
that most of the fermentation reactions were completed, if
occurring at all, after three to four days at 33 C. For
these reasons a number of simplifications were made:

All media were prepared with an initial pH near 7.8 and

sterilized by filtration. The tubes were incubated for one



43

week at 33 C * 2 C rather than 2 weeks at 37 C.

Fermentation Medium No. 3

Trypticase 40 gm
Yeast Extract 10 gm
Distilled water 1000 ml

This basal medium was adjusted to pH 7.8 X 0.1, compounds
to be fermented were added in 1 per cent concentration,
and finally the media were Seltz filtered. Starch, the
only exception, was added directly to the medium, which
was tubed, capped, and sterilized at 121 C for 15 minutes.
Inoculation was by one drop of a 24 hour culture as before.
After incubation for 1 week at 23 C 2 2 C the pH was de-
termined without previous steaming of the cultures. This
sterilization had been carried out in the first two series
of fermentations in order to protect the operator, but it
was found that this changed the pH of the cultures con-
siderably in some cases. It was therefore decided to take
great care in the pH determination with regard to personal
safety and omit steaming the cultures.

METHODS

Determination of Comparative Growth. In order to

determine the comparative amount and rate of growth, tur-
bidities of control and inoculated tubes of medla were

measured with a Coleman Unlversal Spectrovhotometer, Model
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No. 11. Pyrex test tubes, 19 x 150 mm were selected and
matched (while filled with Trypticase Soy Broth) so that
variations of one per cent or less existed between readings
on the galvanometer scale of the spectrophotometer. (This
size tube was selected because it could be inserted directly
into the cuvette holders of the spectrophoctometer. The
necessity for transferring the medium to cuvettes 1is thus
eliminated, and a series of readings can be made over an
extended time without fear of contamination of the culture.)
Aluminum cavs were used on these culture tubes without
cotton plugs. All readings were taken as 'per cent trans-
mittance" at a wave length of 535 mu using an uninoculated
control set at 100 "per cent transmittance'" and which had
been incubated with the inoculated tubes. The readings 1in
"per cent transmittance" were changed to Optical Density
by the formula:
0.D. & 2-1log G

vhere G 1s the galvanometer reading in 'per cent trans-
mittance'". This method was used to determine the medium
in which the organisms grew best, using maximum turbidity
as the criterion of "best growth".

In addition, the comparative rate of growth at
different temperatures, and the maximum growth at these

temperatures was also determined by this method. 15 ml



45

amounts of Basal Broth Medium in the selected tubes were
inoculated with one ml of a 24 hour culture of the test
organism. Initial turbldity was determined, and hourly
observaticns of turbidity were made in the spectrophoto-
meter. The temperatures were maintained withint1 1.0 C

by means of thermostatically controlled water baths of the
type ordinarily used in serological work.

Colonlal Appearance and Morphology. Colonial

appearance was determined on Basal Agar Medium, Basal
Agar Blood Medium, and Tellurite Medium.

Morphological studles were made on gram-stained
smears of cultures from Basal Broth and Agar Media at
various times after incubation at 33 C and 37 C.

Motility. Darkfleld examinations were made of 18
to 24 hour cultures of the organism to determine motility.
C.T.A. seml-solld medlum was also inoculated and observed
for evidence of motility.

Hemolysis. Both pour and streak plates were made

using Basal Agar Blood Medium to observe the action of the
organisms on blood. As an alternative to the defibrinated
steer's blood used in this medium, outdated, citrated human
blood obtained from the blood bank was found to be satis-
factory.

Gelatin. Gelatin medium was inoculated by making a
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single stab to the bottom of the tube. It was incubated at
25 C and observed daily for 2 weeks for type of growth and
liquefaction,

pH Range. Basal Broth Medium, adjusted to initial
PH 5.9 to 9.2 was used to determine the pH range of the
organism. Tubes were observed daily for 2 weeks for evi-
dence of growth.

Nitrate Reductilon. Nitrate medium was inoculated

and incubated at 33 C for 14 days. Samples were removed
aseptically each day and tested for nitrites. Tests were
also made for nitrates since no nitrite was demonstrable.

A known positive control was run with each series of deter-
minations. All tests made were those recommended in the
"Manual of Methods for Pure Culture Study of Bacteria®
unless otherwise indicated.

Hydrogen Sulfide and Indol. 48 hour cultures in

Basal Broth Medium were used for hydrogen sulfide and
indol tests. Strips of lead acetate paper were suspended
over the Basal Broth Medium to test for the production of
hydrogen sulfide. The Ehrlich-Bohme test was used to
determine the formation of indol.

Catalase. Slants of Basal Agar Medium and tubes
of Basal Broth Medium were inoculated with test and con-

trol organisms and Incubated at 33 C. After 24 hours at
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this temperature, 3 per cent hydrogen peroxide was poured
over the slants and into the broth cultures., If bubbles

of gas were evolved, catalase was considered present., Pos-
itive controls showed vigorous frothing when treated in
this manner while the test organisms showed no sign of
catalase activity.

Fermentation Studies. The methods used for the

preparation, inoculation, incubation and reading of the
fermentation tests are described under each of the fermen-
tation media listed in the previous section.

Relationship to Oxygen. Shake tube cultures and

plates of Basal Agar Medlum incubated aerobically and an-
aeroblcally were used to determine the oxygen requlrements
of these organisms,.

Inhibitors. Inhibitory substances such as phenol,

crystal violet, and potassium tellurlte were added to Basal
Broth Medlum and Basal Agar Medium in various concentra-
tions to test the ability of the organism to grow 1in thelr
presence,
CULTURES
In order to avoid a one sided, and perhaps not typical
point of view, and to search for the greatest possible var-

iety, cultures were collected from widely separated sources.
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Stock Cultures. All strains were maintained on

C.T.A. Medium in cotton plugged tubes covered with Celon
caps. Transfers were made to Basal Broth Medium and 2%
hour cultures in this medium were used to inoculate other
media.

Preservation of Cultures. All strains were grown

on Basal Agar Slants at 33 C for 48 hours, washed off with
double strength skim milk and lyophillized.

Sources of Cultures. The culture number is followead

by the name and locallty of the donor, strain number desig-
nated by the donor, animal and tissue from which isolated,
and date of isolation when this information was available.

All cultures received were designated as Erysipelothrix

rhusiopathiae or Erysipelothrix spp. except No. 285 and No.

290 whlch were labeled Eryslipelothrix muriseptica.

LIST OF CULTURES

No. 30 - P,A., Hansen, Livestock Sanitary Service
Laboratory, College Park, Md., Dead Hog,
Spleen, January 10, 1949,

No. 35 - P.,A. Hansen, L.3.8.L., College Park, Md.,
Dead Shoat with pericarditis, Spleen,
January 26, 1949,

No. 40 -~ P.A, Hansen, L.S.8.L., College Park, Md.,
Dead Shoat with pericarditis, Liver,
January 29, 1949,

No. 45 - P,A., Hansen, L.S.S5.L., College Park, Md.,
Dead Hog, Spleen, September, 16, 1949,
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No.

No.
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No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

50

55

60

65

70

75

80

85

90

95

100

105

110

120

125

130
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F.H. Smiley, Army Medical School,
Washington, D.C., No. 8139, Isolated by
H.W. Schoening, No. S-1.

S.M. Morrison, Colorado A & M College, Fort
Collins, Colorado, No. 89, Hog, acute swine
erysipelas, September, 1949.

S.M, Morrison, Colorado A & M College, Fort
Collins, Colorado, No. 90, History unknown.

I.A. Merchant, Iowa State College, Ames,
Jowa, No. 37, History unknown.

I.A, Merchant, Iowa State College, Ames,
Iowa, No. 38, History unknown.

G.C. Langford, University of Maryland,
College Park, Maryland.

G.C. Langford, University of Maryland,
College Park, Maryland.

G.C. Langford, University of Maryland,
College Park, Maryland.

G.C. Langford, University of Maryland,
College Park, Maryland.

New York State Veterilinary College, Ithaca,
New York, No. 529.

New York State Veterinary College, Ithaca,
New York, No. 548,

R.D. Shuman, USDA, Washington, D.C., Pig,
joint, (from Texas, isolated by Creech).

R.D. Shuman, USDA, Washlington, D.C.,
(1solated by Jensen in Copenhagen).

R.D. Shuman, USDA, Washington, D.C., Hog,
tonsil, (Animal Husbandry, Landrace, 1930).

R.D, Shuman, USDA, Washington, D.C., Hog,
joint, (from North Carolina).

R.D. Shuman, USDA, Washington, D.C.,
History unknown.
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No.

No.
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No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

No.

140

145

150

155

160

165

170

175

180

185

190

195

200

210

215

220

50

R.D. Shuman, USDA, Washington, D.C., Hog,
Spleen, (from Austin, Minnesota).

R.D. Shuman, USDA, Washington, D.C., Hog,
cholera virus.

R.D. Shuman, USDA, Washington, D.C., Hog
with skin placques, Spleen, April 26, 1949,

R.D. Shuman, USDA, Washington, D.C., six
passages of No. 145 in turkeys.

R.D. Shuman, USDA, Washington, D.C., Hog,
with skin lesions, Spleen, October, 1949,

R.D. Shuman, USDA, Washington, D.C., 14
hamster passages.

R.D. Shuman, USDA, Washington, D.C., Pig,
joint, (from Texas), mouse virulent.

R.D. Shuman, USDA, Washlngton, D.C., Lab
strain passed through pigeons three times.

R.D. Shuman, USDA, Wwashington, D.C., Hog,
with heart lesions, Spleen, (from Austin,
Minnesota).

R.D., Shuman, USDA, Washington, D.C,,
turkey, (from Montgomery, Alabama).

R.D. Shuman, USDA, Washington, D.C., From
11 hamster passages.

R.D. Shuman, USDA, Washington, D.C., Pig,
with erysipelas, Blood.

R.D. Shuman, USDA, wWashington, D.C., From
hog cholera virus.

H.M. DeVolt, L.S.S.L., College Park, Md.,
No. 1070, turkey, 19490,

New York State Veterinary College, Ithaca,
New York., No. 530.

H.M. DeVolt, L.S.38.L., College Park, Md.,
No. 1475, turkey, Fall, 1949,
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No.
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225

230

235

240

245

250

255

260

265

270

275

280

285
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H.M., DeVolt, L.3.8.L., College Park, Md.,
No. 1490, turkey, Fall, 1950.

J.V. Klauder, Philadelphia, Penna., Plg,
with diamond back disease.

National Collection of Type Cultures,
London, England, No. 1224 ,(W.G. Wragge, Pig,
intestine, PFebruary 11, 1922).

N.C.T.C., London, England, No. 2422, (from
R.V. Solly, Pig, with ulcerative endocardi-
tis, heart blood, September, 1927).

N.C.T.C., London, England, No. 8163, (from
L.P, Garrod, plg with endocarditis, spleen,
March, 1950).

N.C.T.C., London, England, No. 7999, (from
Staub, Pasteur Institute, July, 1949).

N.C.T.C., London, England, No. 6333, (from
A.W. Gledhill, duck, August, 1941).
N.C.T.C., London, England, No. 6332, (from
A.W. Gledhill, lamb, jolnt-1l1l, November, 1939)
N.C.T.C., London, England, No. 3406, (from

T. Hare, pig with erysipelas, spleen,

June, 1931).

N.C.T.C., London, England, No. 2825, (from
Hammerton and Lovell at London Zoo, African
Jacana, intestine, 1928).

N.C.T.C., London, England, No. 1694, (from
J. Smith, plg, vegetations on mitral valve,
September 4, 1923).

N.C.T.C., London, England, No. 3260, (from
M.R. Seddon, Veterinary Research Laboratory,
N.S.W., lamb, polyarthritis, November, 1930).

N.C.T.C., London, England, No. 807, (from
W.W.C. Topley, mice, 1921, (Erysipelothrix
muriseptica).
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No. 290 - N.C.T.C., London, England, No. 4304, (from
W.W.C. Topley, mice, 1921, (Erysipelothrix
muriseptica).




RESULTS

MCRPHOLOGY AND CULTURAL CHARACTERISTICS

Morphology. Erysipelothrix rhusiopathiae 1is a gram-

positive, non-sporeforming rod which varies greatly 1n size
and shape. Depending upon the type of medium, 1ts initial
pH, the incubation temperature, and the age of the culture,
growth on nutrient agar and in nutrient broth has resulted
in organisms which vary from short, stubby, almost coccoid
rods to very long, thin, fllamentous structures. Any of
these forms may contaln granules, but they are most common
in older cultures. All of the different forms were fre-
quently found in a single preparation from the culture.

Motility. All strains of Erysipelothrix examined

were found to be non-motile. Observations were made with
the dark-field microscope on wet preparations of 18 hour
cultures 1n Basal Broth Medium incubated at 33 C. Motili-
ty was never observed. The organisms grew well 1n semi-
solid C. T. A. Medium. There was uniform growth from the
point of entrance of the needle or loop into the medium
all along the track of inoculation. No evidence of motil-
ity was seen in this medium.

Growth in Broth. A medium consisting of 4 per cent
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yeast extract in water caused some strains of the organism
to grow in long tangled chalns, especlally when the pH of
the medium was initially a little on the acid side of neu-
trality. Many authors have correlated the presence of
these long tangled chains with a rough form of the organism
which apprears on solid medlia. This rough type of growth
was favored by incubation at 33 C and was not encountered
as frequently at 37 C.

We found that the development of the organism in a
medium consisting of 4 per cent Trypticase and 1 per cent
Yeast Extract in water adjusted to pH 7.6 to 7.8 (Basal
Broth Medium) gave a fairly uniform growth of short rods
0.5 to 0.7 p in diameter by 1.5 to 2.0 p in length when in-
cubated at 33 C. The predominant appearance of gram-stained
smears from 18 to 24 hour cultures in this medium was gram-
positive, with the organisms occurring singly and in pairs
as shown in figure 1.

Trypticase Soy Broth also supported moderate growth

of E. rhusiopathige. Early cultures in this medium, how-

ever, showed considerable variation in size and thickness
of the organlsm with a tendency to produce long cells in
tangled chains. Filgure 2 1s a photograph of a gram-stained
smear from a 24 hour culture in Trypticase Soy Broth.

In the cultures which developed tangled chains of



FIGURE 1

Photomicrograph of Erysipelothrix sp, shoving
organism at 2k hours in Basal Broth Medium



FIGURE 2

Photomicrograph of Erysipelothrix sp. shoving
long chains tuat may appear in certain media



very long cells, the macroscoplic appearance of the tubes
was characteristic. In the very early stages of growth,

at 12 to 14 hours, a uniform turbidity appeared and when
the tubes were shaken, they took on a peculiar swirling,
opalescent, cloudy appearance. In 24 to 48 hours there was
considerable flocculant deposit in the bottom of the tubes.
After several days of incubation, this deposit became quite
adherent to the bottom and could only be broken away by
vigorous agitation of the tube. When aglitated, this ad-
herent, thread-like material spiraled up and could be sus-
pended in the medium only with difficulty. Stained smears
of this material invariably showed complex, twisted chains
of gram-positive rods. These rods varied considerably in
length from very short stubby ones to long thick filaments
of enormous length which covered several o1l immersion
fields. Many of the rods appearing in the cultures were
distinctly curved.

The "smooth" cultures, or the cultures which regular-
ly formed short rods with only an occasional long fllament
developed the same typical opalescent turbidity as the
"rough" tangled chain cultures. The only change which
occurred 1in these cultures when incubated further was an in-
crease in density, which reached a maximum usually after 48

hours incubatlion at 33 C. Considerable difference with
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regard to "smooth" and "rough" types of growth was noted
between the various strains on the same medium.

Gram Reaction. The reaction to Gram stain was also

variable, depending again upon the medium employed. We
found that, for the most part, early cultures of from 12

to 15 hours on good media, i.e. Basal Broth Medium, gave
consistently satisfactory gram-positive results. As the
cultures became older there was a tendency for the cells to
decolorize more easily. Cultures which were several days
old, or were on a poor medium sometimes appeared almost en-
tirely gram-negative. Spores were never observed although
granules were occasionally observed in cells of some strains.
The "beaded" or granular forms were also more prominent in
older cultures. When this occurred, the cytoplasm of the
cells stailned elther gram-negative or a very light lavender
wvhile there were present at 1rregular intervals in the cell,
dark purple stained granules or beads. These were rarely
seen 1n early growths on good media. Figure 3 shows beaded
forms from an old culture on Trypticase Soy Broth.

Appearance on Solid Media. On the surface of Basal

Agar plates, the colonies after 24 hours were practically
identical in every case. All strains showed pinpoint, trans-
parent colonies which could best be observed by reflecting

light from the plate. These colonles increased in size when



FIGURE 3

Photomicrograph of Erys ipelothrlx sp. showing
granules which may appear in certain media

59
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well isolated, reaching a maximum dlameter of 1 to 1.5 mm
after 48 to 72 hours incubation at 33 C. After this time,
there was little change 1n size. The fully developed colo-
nies were transparent by transmitted light and had a very
light bluish sheen by reflected light. They were round and
smooth with a glistening surface.

The size and appearance of the colonies were the same
on Blood Agar Medium. After 24 hours incubation at either
33 C or 37 C there was usually no change in the medium.

Some strains caused a faint greenlish discoloration during
this period, and all strains caused discoloration after 36
hours. Within the next 2 days thls discoloration dlsappear-
ed leaving a faint clear area around the colony. This clear-
ing did not extend all the way through the medium to the
bottom of the plate and was never very pronounced, but was
clearly evident 1n every case 1f observed by looking direct-
ly down on the plate with bottom illumination.

Colonies of Erysipelothrix were pinpoint in size and

greyish colored after 24 hours incubation at 33 C on Tellu-
rite Medium. As they increased in size to a maximum diameter
of 1 to 1.5 mm, they developed a shiny jet black color.

Since these organism may appear 1in clinical material
f'or culture, 1t may be of dlagnostic value to note that they

are completely inhibited by Desoxycholate Medium, Eosin
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Methylene Blue Agar and Bismuth Sulfite Medium. They devel-
op very poorly on Salmonella Shigella Medium with isolated
colonliles seldom increasing beyond pinpoint size; Massive
inoculation on this medium gave rise to a scant whilte growth
after several days 1lncubation at 3% C. Growth was fairly

good on Eugonagar and Trypticase Soy Agar.

Gelatin Stabs. Gelatin Medium supported growth of

all Erysipelothrix strains studied but was never liquefied.

There were two types of growth in the gelatin stabs: Most
strains grew in the "test tube brush" form which has been
so frequently described in the literature. The organism
developed first along the lines of inoculation, prcducing

a filiform growth, Lateral, radiating, brush-like project-
ions next appeared all around this filliform stab, and usually
by 48 hours, the typical "test tube brush" appearance was
evident. Several strains showed filiform growth but never
developed lateral outgrowths to give the '"test tube brush"
even after repeated transfer in good medlia before inoculat-
ing the gelatin. These were strains 50, 95, 215, 235, 280,
285, and 290. Meyn (1931) indicated that transfers to agar
from the "test tube brush" type gelatin tubes would give
rise to rough colonies, while transfers from flliform type
gelatin tubes would produce smooth colonles on agar plates.

Using the Basal Agar Medium at 33 C we were unable to obtain
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roigh colonies from either type of growth in gelatin. Smears
of the material from these gelatin tubes likewlse showed
little correlation between smooth and rough forms in so far
as the morphology was concerned. Smears from gelatin tubes
showing the "test tube brush" appearance demonstrated tan-
gled chains of long rods in some cases and medium length

rods, singly and in pairs in others.
PHYSIOLOGICAL CHARACTERS

Effect of Temperature on Growth. The temperature

relations of the organism were studled using Basal Broth
Medium in pairs of test tubes matched for use in the spectro-
photometer. One of these was retained as a control blank
and the other inoculated with the test cultures. The pailrs
of tubes were incubated at 10, 15, 20, 25, 30, 32, 35, 37,
40, 41, and 42 C and read at suitable intervals. Organisms
No. 50, 55 and 175 were used in these studies.

Figure 4 shows a set of curves obtained by plotting
time in hours against optical density for organism No. 175
incubated at 30, 35, and 37 C. It 1s interesting to note
that the maximum amount of growth, as evidenced by maximum
final density, was reached at a temperature below 37 C even
though the higher temperature favored more raplid develop-

ment of the organilsm.



FIGURE &4
Growth Curves for Strain No. 175 at 30, 35,
and 37 C
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Figure 5 1s a similar set of curves for Organism No.
50 incubated at 25, 30, and 37 C. Again the tubes incubated
at the lower temperature had a larger crop of cells than
the ones incubated at 37 C. There was also considerable
autolysis in the tube held at 37 C. The tubes 1incubated at
37 C however, developed faster as evidenced by earlier tur-
bidity rise in comparison to the tubes incubated at lower
temperatures. These findings agree with the accepted views
as expressed by Rahn (1932): "The temperature which gives
the largest crop is considerably lower than that giving the
most rapid growth rate, but it is stilll far above the mini-
mum temperature of growth. An increase above the optimum
temperature causes a very rapid decline of the crop." At
25 C there was a delay in the development of from 8 to 10
hours and the comparative rate of growth was somewhat slower
than at 30, 35, and 37 C. The filnal wmaximum crop was only
slightly lower than the maximum cell crop for growth at 37
C. At 42 C there was little apparent development over a
reriod of 48 hours as measured in the spectrophotometer.
There was likewlse no apparent growth at 10 C.

Figure 6 shows curves for organism No, 50 with two
cultures incubated at 25 C on different days. Although
attempts were made to keep the inoculum constant by using

the same inoculating loop, small variations in amount of



FIGURE 5

Growth Curves for Straln No. 50 at 25, 30,
and 37 C
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FIGURE 6 66

Growth Curves for Strain No. 50 at 25 C on
two different days
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inoculum inevitably occurred. This lead to some dilsplace-
ment of the curve but the form of the growth curve and the
maximum cell crop remained essentially the same.

As shown in figure 7, the tubes which had a larger
inoculum began to increase 1n density first. A large in-
oculum of 1 to 3 wml imparted a slight initial turbidity to
the tube but enabled the comparative readings to be made in
a much shorter time than was the case when an inoculum of a
loop or a drop of culture was used.

At 25 C, the culture of organism No. 175 showed an
almost constant increase in density for the first 11 hours
and never reached an optical density greater than 0.28.
Figure 8 shows the development of No. 175 for the first 11
hours of growth at 25 C and the maximum density obtailned.
One ml of inoculum was added to 15 ml of Basal Broth Medium.

At 35 C, as seen In figure 9, the rate of development
was fairly rapld with a good crop of cells obtalned after
11 hours of incubation. The maximum density had apparently
not been reached in this time and there was some autolysis
of the cells after 25 hours incubation.

Figure 10 shows that the development of this organism
was more rapid at 40 C and a larger cell crop was obtained
than at 25 C.

At 41 C, the growth was similar to that at 25 C and
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FIGURE 7

Growth Curves at 33 C with varied amounts of
Strain No. 55 inoculated into 15 ml medium
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Growth Curve of Strain No.

FIGURE 8

175 at 25 C
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FIGURE ©
Growth Curve of Strain No. 175 at 35 C
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FIGURE 10

Growth Curve of Strain No.

175 at 40 C
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the final density obtalned here was also about the same.
It will be noted that the final density obtained when 1 ml
of 1noculum was used was less than when a single loop of
inoculum was used. This is shown in figure 11.

An attempt was made to define the limits of tempera-
ture at which the organism would grow, but unfortunately,
there was considerable variation of temperature in the water
‘baths available. Organism No. 175 grew at 15 C, but only
began to develop after 30 hours of incubation at that temper-
ature. Maximum growth was reached after 70 hours, but 1t
was considerably less than the amount obtailned at 25, 30,
35, and 37 C. In order to maintain this temperature, it
was necessary to keep the water bath on the floor of a large
walk-in refrigerator. Regular checks showed that the tem-
perature of the water bath fluctuated between 13 C and 16 C.
This culture also grew in a water bath maintained at 41 C
+1.0 C. There was no apparent growth in an incubator main-
tained at & minimum of 42 C. The temperature in this in-
cubator varied from 42 C to 4% C during the 48 hours of
observation.

Current literature frequently mentions the "optimum"
temperature for an organism without anv further gualifying
statements. Since the temperature at which the maximum

speed of development occurs does not necessarily correspond
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to the temperature at which maximum cell crops are obtained,

statements in the literature could be clarified considerably

by indicating the particular criterium by which "optimum"
growth was evaluated. For comparatlve purposes we have
found that a simple observation of the optical density of
the cultures 1is sufficient to determine the maximum growth
or speed of development in different media. For more exact
determinations of growth rate and numbers of organisms a
more closely regulated water bath would be necessary and a
method of measurement of growth which would indicate numbers
of organisms would be required.

PH Range. All pH studies were done at 33 C in Basal
Broth Medium adjusted to the proper pH. Organisms No. 50
and No. 05 developed at pH 6.4 but only very slowly, show-
ing turbidity after 48 hours. Eight of eleven strains ex-
amined grew at pH 6.5 after 72 hours, and all strains showed
a moderate amount of turbidity in 24 hours at 33 C when the
initial pH of the medium was above 6.7. Rapid, heavy growth
occurred in media with initial pH 7.3 to 9.0. When the
organisms were grown in Basal Broth Medium with no added
fermentable carbohydrate and with the initial reaction below
about 7.8 to 8,0, the medium became slightly more alkaline.
Morphological 6bservations were made on eleven strains which

were grown in medla adjusted to pH 6.4 to pH 9.2 Their
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morphologic changes were similar in the different pH ranges.
Organisms used were No. 50 55, 65, 75, 100. 150, 175, 190,
205. and 225. In the range of pH ©.4 to 7.0 there was an
increased tendency toward the formation of long tangled
filaments. From pH 7.5 to about 8.5, the organisms grew
regularly in short stubby rods. These occurred singly and
in pairs which stained solidly gram-~positive when examined
after 24 hours. In the pH range above 8.5, there was a
tendency to form small distorted cells which did not stain
evenly and which were frequently gram-negative.

None of the stralns examined produced indol in Basal
Broth Medium.

Hydrogen Sulfide. Inoculation of all stralns of

Erysipelothrix available into lead acetate medium gave unl-

fformly negative results for production of hydrogen sulfide.
The growth was very light in this medium, which apnarently
proved inhibitory, and suspending strips of lead acetate

paper above the Basal Broth Medium was found to be a far

more satisfactory procedure. Most Erysipelothrix strailns
blackened or caused a brownish discoloration of the paper

after 24 hours incubation at 33 C. Several strains caused
only a very slight discoloration of the lead acetate paper

and two strains took as long as 72 hours to give a positlve

reaction, but all strains defilnitely produced hydrogen
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sulflde. The paper over an uninoculated contrcl remained

white with no trace of dilscoloration after a week of in-

cubation.

Catalase. None of the strains of Erysipelothrix

examined produced catalase. Basal agar slant cultures and
cultures in Basal Broth Medium were treated with 3 per cent
hydrogen peroxide after 24 hours incubation at 33 C. No

bubbles were ever observed. while a culture of Mlcrococcus

pyogenes var aureus used as a positive control caused numer-
ous bubbles to be given off by the hydrogen peroxide.

Nitrate Reduction. In the first series of examina-

tions, the tubes of Nitrate Medium were examined each day
for 14 days by aseptically removing a portion of the culture
and testing for nitrites. Nitrite was never observed in the

cultures of Erysipelothrix and tests for nitrate showed that

it was still present. Thereafter, the tubes were incubated
for 14 days and a single test performed at the end of that
time for nltrite. No organism examined was able to form

nitrite from nitrate. A control organism, Micrococcus

pyogenes var gureus. run ln parallel with each series of
tests gave a good positive reaction.

Litmus Milk, Cultures inoculated into Litmus Milk

were incubated at 33 C and showed no change after 1 week.

Probably the addition of Trypticase and/or Yeast Extract
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would have allowed them to ferment the milk, but it was
felt that little Information of value would be gained in
any case by employing such a medium.

Fermentations. The fermentation reactions were

variable, depending upon the medium employed and the initial
pH of the medium. Apparently, one week was sufficient time
to allow for complete fermentation 1f it took place at all.
Cultures which contained fermentable substrates were found
to be self-sterilizing after 3 to 4 days incubation. Acid
was regularly produced in all three fermentation media con-
taining fructose, glucose, galactose, and lactose. In
Fermentation Medium No. 1 and Fermentation Medium No. 2, all
strains regularly fermented mannose also except No. 50,
which formed no acid in mannose in Fermentation Medium No.
l. In Fermentatlon Medium No. 3, all strains fermented
mannose except No. 65, 75, 145, 210, 270, and 290. In Fer-
mentation Medlia Nos. 1 and 2, cellobiose was varilable, but
in Fermentation Medium No. 3 all strains fermented cello-
biose except No. 235, 245, 250, 255, 260, 265, 270, 275,
280, 285, and 290, received from the National Collection of
Type Cultures. Xylose, arabinose, maltose, and melibilose
were fermented by all strains in Fermentation Medium No. 1
except No. 105, which did not form acid 1in xylose. None of

these substances was fermented in Fermentatlion Medium No. 2.



78

An occasional strain showed slight acid production in gly-
cerol,:arabinose, sorbiltol, inositol, trehalose, melibilose,
raffinose, and salicin. No gas was ever produced by any
strain.

Table 1 shows the reactions of the organisms on the
substrates when used with basal medium. In these media,
sterilization was by autoclave except for the ones contain-
ing xylose, arablnose, galactose, and melibiose. The cul-
tures were steamed before the pH determinations were made.
The problem which arcse here was: "What shall we consider
the criterion of fermentation of a substrate?” It is evi-

dent from a glance at the table that &1l strains of Ery-

sipelothrix are singularly inactive with respect to acid

formation, and even when fermentation occurs, there ls
usually very little change in the pH, 1.e. from 0.1 to 0.8
PH units, although an occasional strain may change the pH
as much as 1.6 units. In every case, the change in PH
means the difference between the pH of the control after
steaming and the pH of the medium in which the organism had
grown. It was noted that when the organisms grew in Bassal
Broth Medium without a substrate or with a substrate which
was not fermented, the final pH of the medium after incuba-
tion and steaming was usually slightly more alksline. This
change in pH was small but constant. In addltion to the

four substrates, fructose, glucose, galactose, and lactose,
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which were fermented by every straln when tested in all
three basal Fermentation Media, except No. 270, 280, and
290, there was a slight but noticeable lowering of the pH
in xylose, arabinose, mannose, maltose, and melibiose. A
few stralns produced acid in cellobiose, but the ma jority
of the stralins failed to make the medium more acid than the
uninoculated control.

Fermentation Medium No. 2 1s similar to Fermentation
Medium No. 1 with Trypticase substituted for Yeast Extract.
Table 2 shows the action of the organisms on the substrates
in this medium. Even though the 1initial pH of the medlum
had been kept higher in order to allow more range on the
acid side before acldity became inhibiltory, it was noted
that some substrates attacked in Fermentation Medium No. 1
were not attacked in Fermentation Medlum No. 2. These were
xylose, arabinose, maltose, and meliblose. The action on
celloblose was variable in this medium as it was in Fermen-
tation Medium No. 1, but the strains were not constant in
their action in the two media. More strains formed acid
from celloblose in Fermentatlon Medium No. 2 than in Fermen;
tation Medium No. 1.

Tables 3 and 4 show the reaction of testeé organisms
on substrates in Fermentation Medium No. 3. In this medium,

21l strains produced acid from cellobiose except two strains
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FINAL pX OBTAIKED BY ACTION OF STRAINS OF ERYSIPELOTHRIX OBTAINED
FROM NATTONAL COLLECTION OF TYPE CULTURRS ON SUBSTRATES IN
FERMENTATTON MEDIUM NO. 3.

glycerol xylose arsbinose rhamnose sorbitol mannitol inositel fructose glucose mannose galactose sucrose trebalose maltose celloblose Beliviose lactose melezlitose raffinose dextrin starch inulin salicin No CEO

Control before

inoculation 7.7 7.7 7.6 T7 7.7 17 7.7 7.8 T.7 7.6 T.6 7.7 7.8 T.7 7.7 7.7 T.7 7.8 7.7 7.7 7.7, 1.6 7.7 T.7
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ORGARISM
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240 8.1 7.8 7.9 8.0 8.0 8.1 8.0 T.1 7.1 7.6 7.3 8.1 8.0 8.0 [ 8.0 6.8 8.1 8.0 8.0 B.o 8.0 8.0 8.1
215 8.0 7.8 7.6 8.0 8.0 8.0 8.0 6.9 6.7 7.3 7.0 8.0 8.0 8.0 7.5 8.0 6.6 8.0 8.0 8.0 8.0 B.0 8.0 8.0
250 8.0 7.8 7.6 7.9 8.0 8.0 8.0 6.5 6.7 7.2 6.9 8.0 8.0 7.9 7.5 8.0 6.3 8.0 8.0 8.0 8.0 8.0 7.9 8.0
255 8.0 7.8 7.7 7.9 8.0 8.0 8.0 6.8 6.8 T4 7.1 8.0 8.0 8.0 7.5 8.0 6.6 8.0 8.0 8.0 8.0 8.0 7.9 8.0
260 8.0 7.7 7.7 8.0 8.0 8.0 8.0 6.8 6.7 7.2 7.0 8.0 8.0 7.9 7.5 8.0 6.4 8.1 8.0 8.0 8.0 8.0 7.9 8.0
265 8.0 7.8 7.9 7.8 8.0 8.0 8.0 6.9 7.0 7.5 7.1 8.0 7.9 7.9 7.5 79 6.7 7.9 8.0 8.0 80 7.9 T.9 8.0
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280 8.1 7.8 7.8 8.0 8.0 8.0 8.0 7.2 7.2 7.6 7.6 8.1 8.0 8.0 7.8 8.0 7.4 8.1 8.1 8.0 8.1 8.0 8.0 8.0
285 8.1 7.8 T.7 8.0 8.0 8.1 8.0 7.5 T.2 7.5 T.4 8.1 8.0 8.0 7.6 8.0 T.2 8.1 8.0 8.0 8.0 8.0 8.0 8.0
290 8.1 7.8 7.8 8.0 8.0 8.1 8.0 7.9 7.5 7.7 7.8 8,1 8.0 8.0 7.8 8.0 7.7 8.1 8.1 8.0 8.0 8.1 8.0 8.1
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obtained from the National Collection of Tyvpe Cultures.
Several organisms showed slight acid production from various
substrates in additlion to the usual ones fermented. There
was some irregularity in the fermentation of fructose,
galactose and lactose in the case of three strains obtailned
from NCTC, but glucose was fermented by all strains. No.
280 did not ferment galactose, nor did No. 270 attack this

substrate. No. 290, a strain labeled Erysipelothrix muri-

septica, fermented only glucose of the entire series of
substrates. No. 290, it should be noted, has the same final
pH as the control, namely pH 7.5. We feel that this nmust

be regarded as fermentation since: (1) The control series
containing no substrate has become 0.3 to 0.4 pH units more
alkaline than its uninoculated control and (2) in almost

all cases where the substrate was not attacked there was a
definite shift toward an alkaline pH.

Tolerance to Sodium Chloride. All strains examined

would grow in Basal Broth Medlium with up to 7 per cent
sodium chloride added. The growth was progressively slow-
er as more salt was added, but there was good growth by
almost all strains after 24 hours in 4 per cent salt. After
48 hours, there was also good growth in 5 per cent salt.
Growth in 6 and 7 per cent salt was much slower, but there

was unmistakable turbidity after three days by most strains
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in media containing these concentrations of salt.

Tolerance to Phenol. Phenol was added to the tubes

of Basal Broth Medium in varying concentrations and the
tubes were observed for growth after incubation at 33 C.
It was found that a concentration of 0.33 prer cent phenol
would not allow growth of organisms No. 50 and No. 175, but
that a concentration of 0.2 per cent would allow them to

develop.

Tolerance to Potassium Tellurite. All strains grew

on Basal Agar Medium containing 0.05 per cent potassium
tellurite. They appeared as Jet black colonies that reach-
ed a maximum diameter of 1 to 2 mm after 3 days l1lncubation

at 33 C.

Selective-Differential Medium. An attempt was made

to use a selective-differential medium composed of Basal
Agar Medium with 0.05 per cent potassium tellurite and 0.2

prer cent phenol added. This medium was too highly inhibi-

tory to allow growth of Erysipelothrix organisms although,
as already noted, Basal Medla contalning these concentra-
tions of potassium tellurite or phenol separately would
support good growth. By reducing the concentration of
phenol to 0.1 per cent and that of potassium tellurite to
0.01 per cent, growth was obtalned by all pure culture

strains of the organism at 33 C after 24 to 48 hours.



DISCUSSION AND CONCLUSIONS

With a collection of 50 cultures obtained from widely

separated sources, including two strains of Erysipelothrix

muriseptica, the remarkable homogeniety of this group of

organisms from a morphological, cultural and biochemical
standpoint has been demonstrated. Prévious observations
with regard to extreme pleomorphism and variability under
varying conditions have been fully confirmed and the re-
lative biochemical inactivity of this group of organisms
has been demonstrated on the usual substrates employed for
genus and specles differentiation. Strains of Erysipel-
othrix specles from human sources were not avallable for
this study but it was felt that the descriptions avallable
in the literature amply sustained the assumption that these
organisms, when available, would prove to act in the same
fashion as those already studied.

The very early reports which contained the first
published data on many specles of bacterlia were frequently
incomplete and were scmetimes inadequate or erroneous in
their descriptions of organisms. This lack of pertinent

information and the compounding of errors through the

failure of later investigators to check the work of their
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predecessors in many cases resulted in considerable confu-
sion with regard to the claazsification and naming of the
organisms. In addition, the 1inabllity to agree on the

exact limitations and definitions of the genera and species

of bacteria has lead to the deplorable situation in which

each investigator, when 1solating an organism from a new
source Or an organism which showed different characteristics
on the particular medium he used, would hasten to create a

new specles or in some cases even a new genus for this lsolate.

Organisms belonging to the genus Erysipelothrix have

frequently been shifted about in the taxonomic scheme, slince
they are very pleomorphic and assume forms ranging from
coccoid rods to long filamentous structures, with or with-
out granules. Pasteur (1882) discussed the work of Klein
who claimed to have 1solated the etlological agent of swine
erysipelas, and said that this organism formed spores.

The pathogen, Bacillus anthracis, was among the first

organisms 1n which spores were studied extensively. Many of
the subseqguent early investigators then began to regard any
morphologically differentiated material within the cell as
spores. Wilson and Miles (1946) have pointed out that much
of the early literature is full of mistaken references to
spores or 'sporogenous granules'" in various bacteria. Thus

it does not seem unreasonable that the granules, which may
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be very prominent 1in some strains of Erysipelothrix, were
labeled "spores" by Klein, Trevisan, Schroeter, and other
investigators of thils period. We think it important that
the authors in each case indlcated that the organism re-
ferred to was the etiologic agent of "mouse septicemia’.
The '"bacillus of mouse septicemisa' had been isolated as
early as 1881 by Koch. Pasteur (1882) was able to isolate
these same organisms and cause disease in other animals by
injection of cultures of these baci1lli. Klein (cit. by
Pasteur, 1882) had isolated the agent of swine erysipelas
but called the granules spores. In his classification of
microorganisms, Trevisan (1885) applied the name Bacillus

insidiosus to these organisms. He also included them under

the sporeforming rods, but clearly 1indicated that the
organism referred to was the causative agent of mouse sep-

ticemia. The names Babeslia erysipeloidis and Racillus

thuillieri later given by Trevisan (1889) to the agents of

human erysipeloid and swine erysipelas respectively were
superfluous, since the three have been shown to be identical.
Rosenbach (1909) placed all three organisms in the

same genus Erysipelothrix, but malntalined that they were

three separate distinct specles. Here again, a characteris-
tic of the organism, namely its low disease producing

powers 1in swine brought on confusion. Many strains will
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infect only a very small percentage of the swine into which
they are injected and passage on laboratory media may cause
even this small amount of 1infectivity to be lost. This was
one of the reasons for considering the organisms from varlous

sources to be different. The name Erysipelothrix appears to

be the first valld generic term applied to these organisms.
In the very early work, Loeffler (1886), Preisz (1892),
Migula (1895), and Rosenbach (1909) maintained that the

various strains of Erysipelothrix avallable from human cases,

mouse septicemia, and swine erysipelas were different organ-
isms. Five workers up to the time of Rosenbach's revort in
1909 and at least five since that time (see historical)
steadfastly maintained that all of these organisms belonged
to a single specles. They produced morphological, cultural,
biochemical and serological evidence to show that these
organisms, whether isclated from man, mouse, swine, or more
recently a wide variety of animals, were all identical.
Culturally, they showed the same types of growth on the
different media employed and they were all relatively so
inactive bilochemically that thls means could not be used to
differentiate one from another. The fermentation characters
were too weak and inconstant to be used for purposes of
differentiation although all strailns under favorable cond-

itions were usually able to ferment fructose, galactose,
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glucose, and lactose. Antiserum prepared against one strain

of Erysipelothrix agglutinated all other strains.

/§;7V1n spite of these evidences of unity, thls organism
is still listed as three species in the 6th Edition of

Bergey's Manual: Erysipelothrix rhusiopathiae, E. muri-

septica. and E. erysipeloidis. It 1s impossible, however,

from the data given, to distinguish between the three. The
source for each species seems to be the only outstanding mark
of" difference. The notation is made that Rosenbach consider-
ed them different and that Rickmann considered them to be
identical. It seems that, iIn order to minimize confusilon,
only one description should be given, namely that of the

type species since no essential difference between the three
hias been shown. As the three species have been shown to be
identical. the other names suggested for them are superfluous.

Furthermore, the name E. rhusiopathlase can not be retalned.

The genus name Erysipelothrix seems to be valid. but the

Tirst ncceptable specific epithet for the organism is Tre-

visan's insidiosus. Of course, it brings up the cuestion,

whether Trevisan's name for the species 1is valid, since no

acthal description of the organism was included when this
Iy

name was published. /As has already been pointed out, how-

ever. the name was gilven for the gspecific organism which

canused the disease 1n mice already well known as "mouse
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septicemia' and had apparently been isolated easily by
various investigators at that time. Even though the authors

mistook the granules for spores, there 1is no doubt as to the

identity of the organism. The masculline form insidiosus
must be altered to agree with the feminine gender of Ery-

gipelothrix. Hence, the resulting combination will be

Erysipelothrix insidiosa.

Tt will be noted that the historical section dwells

not only on the recognition of Erysipelothrix as the

causative agent of mouse septicemia, human erysipeloid, and
swine erysipelas, but also on the description of the organism,
its cultural appearance on various media and its activity
against various substrates. The historical section has
clearly pointed out the not inconsiderable difference of
opinion on many of these matters by the various Ilnvestigat-
ors. In view of the conflicting opinions expressed by

these authors, a description of the organism 1s desirable.

Members of the genus Erysipelothrix have been found to be

characterized by the followilng:

1. The causative agent of mouse septicemia, human
erysipeloid and swine erysipelas has been shown to be a
very pleomorphic non-motile rod. As such it assumed many
forms in ligquid and solid media, varying from a small
coccobacillus to extremely long filamentous threads. The

rods were curved in many cases.
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2. In young (18 to 24 hour) cultures on good media
such as Basal Broth Medlum, this organism was consistently
gram-positive. C(Clder cultures, or cultures on inadeguate
media were frequently easily decolorized and appeared gram-
negative.

3. No spores were formed by this organism, but
granules were present in old cultures of some strains.

L, Fully developed colonies of this organism on
Basal Agar Medium were from 1 to 2 mm in diameter after 48
hours, smocth and glistening with regular, well defined
edges. They were almost colorless, were transparent by
transmitted light and had a very light bluish sheen when
viewed by reflected light.

5. The colonial appearance on Blood Agar Medium was
identical to that on Basal Agar Medium. In the first 24
hours of growth there was in some cases a slight greenish
discoloration of the blood. By 48 hours this greenish dis-
coloration was replaced by a definite though slight clear-
ing around the colonies.

6. On Tellurite Medium the appearance of the colonies
was similar to that on Basal Agar Medium except for the Jjet
black color of the colonlies.

T Gelatin stab cultures of Erysipelothrix species

frequently showed a characteristic "test tube brush" type

of growth. Thils character was not constant for all strains
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When 1t 1s present with the other characteristics already

described the organism may be considered to be Erysipelo-

thrix. Absence of this feature, however, can not exclude
the organism from this genus.

8. In Basal Broth Medium actively growing cultures
produced a uniform turbidity which usually reached a maxl-
mum by 24 to 48 hours at 33 C. After this time a slight
sediment appeared and after 5 to 7 days, this sediment
showed a thread-like aggregation and could only be dislodg-
ed from the bottom of the test tube with difficulty.

q. The organism grew over a range of 16 C to 41 C.
Fastest growth was at about 37 C while maximum cell crops
were obtained near 33 C.

10. Slightly alkaline media at pH 7.4 to 7.8 gave
best growth of the organism. Acidities lower than pH 0.4
were usually inhibitory for most strains.

11, Although the action on various substrates was
very weak, fructose, glucose, galactose, and lactose were
usually fermented to form acid but no gas. The usual media
with indicators were unsatisfactory for determination of
this acid. The use of the pH meter to determine the pH of
inoculated tubes and controls and comparison of these was

necessary to determine acid production in the basal media

used.
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12. Hydrogen sulfide was produced by all strains,
but freguently the amount was s¢ small that it was d4iffi-
cult to detect. ILead acetate paper suspended over tubes
of" Basal Broth Medium was satisfactory.

13. Indol and catalase were not produced by this
organism, nor was nitrate reduced to nitrite.

14, This organism showed considerable tolerance to
various inhibltory substances such as phenol, potassium
tellurite and sodium chloride,

15. All three specles of the genus Erysipelothrix

listed are identical and should be included in the descrip-
tion of a single type species. The name of this species

should be Erysipelothrix insidiosa (Trevisan) Langford to

conf'orm with the International Bacteriological Code of
Nomenclature; in particular with Rule 26 concerning the

priority of names.
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