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INTRODUCTION

A bizarre orgenism wee isolated in 1953 in a Castaneda blood
culture flask® in an attempt to determine the cause of septicemia in a
child. It was discovered that the organism causing this septicemia was
morphologically end physiologically similar to one of the organisms
causing rat bite fever, which to this time had never been isolated in
South Dakota. It wae impossible under the circumstances to make any
positive identification of the orgamism. Microscopic slides were
saved with the expectation that circumstances would become favorable
for research with the suspected organism, §$ireptobacillug momiliformis.
(See plate I page 2).

It was decided that a study centered around the organiem and its
intriguing relationship to animals and man would be appropriate for the
research problem. It seemed desirable to study the locelization of the
bacteria in the tissues of embryos and if possible, of postnatal
animals to see whether any light could be shed on the role of sensitiz-
ation and allergy in the loculizaﬁion of the orghnis-s. Certain of the
symptoms described by Levaditi, Nicolau and Poimcloux (11) resemble symp-
toms of rheumatic fever, in which semsitization and allergy are thought
‘to play an important part. It was anticipated that in mammelian embryos
and in very young animsals the bacteiia might show less tendency to localize
than was found in mature laboratory animals. The following studies were
accordingly undertaken using methods perfected by Woolpert (30) for

cultivation of the streptobacilli in fetal rabbits, and various attempts

*Castaneda - this techmique is a tryptose phosphate agar slant
with a broth overlay of the same base medium.



FLATE I. The orgmniem isclated from septicemia in 1983
{estimated 2000x).



were made to induce successful infection in new-born rabbits.
The methods of imtrauterine inoculation are very powerful tools
in the hands of a bacteriologist working with fastidious organisms, and

it would constitute 2 valuable addition to the skills of an investigator.



REVIZW OF LITERATURE

The first reference to the dangers associated with the bite of 2
rat wee made by Wilcox (28) in 1839. A few years before this Frofessor
Ives of Yale lectured on the dangers of a rat _bite. H., Miyake (14)
was the first to report the disease in Europe. He introduced the term
Rattenbisskrankheit and is the first on record to have tried to find the
eticlogical agent involved in rat bite fever. Ogata (17) also used the
term Rattenbisskrankheit in his literature. He probably was the first
to successfully grow the orgenism Streptobacillus. He classified the
organism as a member of the Aspergillus group, because of its filamentous
form and infected rabbits and guinea pigs from lymph gland biopsy material
taken from a patient with rat bite fever. Hata (8) in 1912 used
arsphenamine in the treatment of rat bite tﬁ:r. Schottmbller (22) in
1914 published a classical report of the disease and told of the
isolation of a Streptothrix from his patients, one bitten bty & rai ann
one bitten by a ground squirrel.

In 1916 Bleke (3) reported the 1solstion of a similer organism
in the United States. Several investigators about this time report
failures in their attempte to isolate organisms from patients bitten by
‘arat. In some cases blood smesrs revealed organisms which were
filamentous in nature, though Litterer (12) was the first to describe
the organism using the term Streptobacillus with reference to its
morphology. Levediti, Nicolau and Poincloux (11) recovered this
filamentous organiem from the dlood of a human who had no history of rat

bite, and they called the organism Streptobacillus moniliformigs, the

name which is in common use today.



Levaditi, Nicolau and Poincloux (11) disgnosed the disease as
polymorphic erythemia., A review of the symptomatology ineludes: (1)
septicemia of sudden onset, (2) several isclated attacks in the first
weeks of illness with subsidence of symptoms from each attack marked
by erythematous eruptions on the extremities, (3) joint pains and (4)
enlarged spleen., The body showed two responses to the invasion of the
blood stream, a genmeralized rash and localized nodules. Posgitive
cultures were made by introducing 1.5 ml. of blood inte 150 ml. of broth,
Blood cultures sre described as a fibrinous veil floating above the
blood cells and after three daye small white colonies are seen which
increase in volume and fimelly break apsrt, forming fluff balls.

Chains of bacillary forms make a tangle giving rise to the fluff ball
appearance. Coccold forms may appear isclated, in pairs, or in clusters.
Some bacillery chains contained a thickened ares in the center which
give ris; to the name momiliformis. The most consistent charscteristic
of then' organisms ie their pleomorphism. The broth surrounding these
colonies remains clear and in some caces it is sterile other than where
the fluff balle are growing.

A good growth regquires at least 10 per cent serum which has been .
inactivated at 60 degrees centigrade for one hour and sdded to bouillon
at a pH 7.4 te 7.8. 1In milk the organism grows without the bensfit of
serum. Upon transfer, filaments up to 20 to 30 microns long appear,
or there may occur fusiform bacilli which contain chromatic material.

In some media the fusiform bacilli pudoniutei.“ The fusiform rods begin
to appear in unfevorable media four to six hours after imoculation.
They reach the meximum in 24 hours and then degenerste. Levaditi, Nicolau

and Poincloux (11) comsiders this as & resting stage, more resistant, dut



not the result of aging. The organism stains poorly with the usual
aniline dyes. It is not acid fast, but weskly Gram negative and stains
slovly with Giemea. The optimum tempersture for growth was found to be
37 degrees centigrade, and no growth was found to occur with ordinary
media. In defibrinated blood the organieme grow on the welle of the
tubes since there is no fidbrin to hold them down. Ascitic fluid can
be used in place of serum with equally good results. The organism
grows especially well if rabbit testicle is added to the medis. On
agar containing blocd, ascitic fluid, testicular extract, the organism
grows as & tiny transparent colony. The organism will tolerate crystal
viclet in concentrestiones strong encugh to inhibit growth of contaminating
organisms, forming very small colonies. Streptobacillus will not

grow on cosguleted serum media. The vitality of this orgenism is a
limiting factor in artificial cultivstion. It is preferable to
trenefer every three daye to fresh media if the cultures are kept at
a7 dogreei centigrede. They should be traneferred every four days if
they are grown at room tempersturee. <+he crganism ie killed at 60
degrees centigrade in cne-half hour. Vacuum snd desiccation readily
kill the organism (11).

In their test for virulence Levaditi, Nicolaw and Poincloux (11)
found that the most sensitive laboratory esnimal wes the rabbit.
Levaditi's method for rabbit inoculation is as followe:

1. 1noculstion intratesticulary and orchitis develops with

a generalized purulent inflammation..,
a. Smears and cultures from the involved organs are positive,

2. Intravenous inoculation which gives rise to three possibilities.

a, The animal may survive and be immune.
b. May develop arthritis.
1) may survive and be immune

2) may die with enlarged lymphoids and have positive
blood culture,



3. Inoculate, then shave the flanks: an erythesa iz developed
in 48 hours with nodules the size of lentils. Often the
bacteria can be igsolated from the lesions., The animal
may survive and be immune or it may die from a generalized
infection.

4. Inoculate on the shaved skin and a scebdy erythema develops
and the animal survivee and is immune.

The work on virulence proved among other things that the organism has
an affinity for rabbit tissue. It also proved that the orgeniem i
antigenic and the animale cen develop an immunity.

The first American group to discuss the organism from a medical
standpoint were Place, Sutton snd Willner (19). Two cultures were
taken from the joint fluld of the humen cases by aspiration. From this
Joint fluid culture plecmorphic Oram negative rods were isolated. At
the time of their first publication the organism had not been isolated,
but the epidemic was recognized as a new diseﬁ;a and was called
fHaverhill Fev‘cr". although the symptoms were very similar to those
described by Levaditi, Nicoleu and Foimcloux (11) in France.

The report of the Boston City Hospital (18) followed the article
discussed above and the organism was then definitely established as

The first case of Haverhill Fever caused by Streptobacillus
associated with the bite of rat wos reported by Scharles and Seastone in
193¢ (21). The petient's serum agglutinated the orgenmism in high titer.
It was pointed out by Hazard end Goodkind (9) that even in the abeence
of antisera the orgenism hsas such specific characteristice that ite
identification is possible by morphological and physiclogical means,

By 1935 the taxonomists were concerned with the prodblem of properly
classifying this versatile organism. There were 22 names given to the

orgenism by various workers, These names included those listed in Table 1.



TABLE 1

Various names used to designate Rat Bite Fever orgsniem

Kane of Organism Man Reference Year
Streptothrix muris ratti Scottnoueller 23 1914
Streptothrix Tunnicliff 26 1916
Streptothrix longus Litterer 12 1917
Streptothrix brevis Litterer 12 1917
Streptothrix putorii Dick and Tunnicliff 6 1918
Bacillus sctinoides Smith 23 1918
Actinomyces ectinoides Bergey 1 1923
Streptobscillus moniliformis Levaditi 11 1925
Haverhillia multiformis Parker and Hudson 18 1926
Actinobacillus actinoides Topley and Wilson 24 1929
Bacillus actinoides var muris Nelson 156 1930
Actinomyces muris Topley and Wilson 25 1936
Actinobecillue actinolides Bergey 2 1939
Actinobacillus muris Helson 16 1940
Murimyces streptobscillus. _

moniliformis 8abin 20 1941
Asterococcus muris Heilmen 10 1941

The lack of 2 generally scceptable classification had led to the "discovery®
of the organi.sn many times, Since the work with this thesis does not
deal with taxonomy and there is no wish to add any farther names to the
overgrown list the term Streptobecillus moniliformig will be used in
this peper. This name is chosen becaunse it is the moet descriptive
suggested, and becsuse it appeers most often in curreat literature.
_However, it has been pointed cut in Bergey (2) that the genus
Streptobacillus ie invalid because it has been used prior to 1926 ta
describe an organism in the Lactobacillus group.

Topley and Wilson (26) in 1936 discussed the orgsnism. These
workere preferred the term Actinomyces muris. w?ho most extensive
description of morphology is based omn growth on Loeffler's serum
media. It is as follows!

*Slender branching filaments, 0.4 microns to 0.€ microms wide

growing in interwoven maassees. After 18 to 24 hours fragmentation
of the filaments gets in, many of the filaments &re replaced by



chains of baeillary or eoccoid bodies., Very marked pleomorphism,
Occasional filements show spherical, oval fusiform or club-

shaped swellings occurring terminally, subterminally, etec. -
hence the term moniliformis....*

".... great irregulerity in stsining. HNon motile. Usually

Gram negative but may be Gram poeitive in young cultures.
Bon acid-fast.®

The pathogenicity of the orgenism ie discussed by Wilson and Miles
(29) who have found that it may give rise tc an epizootic disease in
mice charccteristiced by swelling of the feet and hind legs, arthritis,
conjunctivitus and lymphadenitis. Intraperitonesl inoculation of mice
with 0.5 ml. of & serum dbroth culture is usually fatal in one to two
days. There is no cheracteristic post-mortem appearance.

Heilman (10) found that the bacillus would also grow in human
erythrocytes washed in ealine and added to vesl infusion. One egg yolk
mixed with 150 ml. of nutriemt sgar would ;npport growth as well as an
ether extract of egg yolk or fresh cream or hot alcohol extract of
Mycobecterium phei. Soluble starch contains a growth factor for this
organism that cannot be replaced by celliobiose, dexirose or any
carbohydrate. Ten per cent ca;bon dioxide gave & elight stimulation
to the initial growth.

In 1936 Ven Rooyen (27) reported that he successfully infected
the choriocsllantoic membrane of the developing chick. At three day
intervals he would inoculate the choriocallantoic membrane with a ground
membrane emulsion. The virulence of the organism was mainteined
after three pessages. The membrenes thickened and became edematous and
necrotic with hemolysis and ulceration,

In 1944, Buddingh (5) like Van Rogyen inoculated the chorio-

allantoic membrane and found that the crganism invaded the embryo and
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became locelized almost exclusively in the synovial lining of the
Jointe where it eppeared to grow mainly as an intercellular parssite.

Brown snd Nunemaker (4) published the results of their extensive
work with rat bite fever in 1942. They have chosen to use the term
Streptobacillus to describe the organism because of its descriptive
value and because the majority of baoteriélosists refer to it as such.
It also "antcdatoa Haverhillia wmultiformis. These authors do recognize
the more correct taxonomic designetion of the organism as jctinomyces
Burls.

They point out that in order to fully understand the biological
complexities of this microorgenism it is necessary to consider the
filterable element that can be observed in all cultures of Streptobacillus.
Thies is the L form of the bacteria. For cultivation of Streptobacillus
moniliformis s departure from the standard culture procedures is
necessary. The growth requirements of both the bdacillary form of the
orgeniem end the L form are much the same as for Plesuropneumonia-like
Orgenisms (PPLO). The methods of growing PFLO are not in use in the
routine clinical lsboratory. The materials and technijues necessary for
growing the orgenism are not complex but they demand sirict adherance
to a few definite rules, In each of eight cases of rat bite fever
reported blood cultures were done as they are routinely done in the
ordinary clinical laborztyr and all were negative. When parallel
cultures were done, in which the special technigues were used, the
blood cultures were consistently po:ltive:

Two bssic types of media were used by Brown and Hunemsker (4).
They were tryptose phosphste broth and dextrose starch bdroth (7). The

preferred pH wes 7.6 although there wae adequate growth from pH 7.0
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to 8.0. The most important item in the media is some form of serum
protein. They tried a variety of serums but found horse serum to be
the best. Since ascitic fluid wes readily availsble to these workers
(4) 1t was used routinely for 211 their cultures. The best growth was
obtained when the fluid or serum was added to the medium impediately
before inoculation. For convenience of culturing, vials containing
four milliliters of the basic medium were stored in the ice box until
needed, at which time the protein component was added in one milliliter
emounts making 2 20 per cent solution. In no instence in which ascitice
fluid was used did they fail to recover organisme when they could be
recovered with serum,

The orgsnism would not tolerate the usual amount of agar in the
media. The softest possible agar, 1.25 per cent, gave the best results.
When the cultures were made to recover or*observe the L form of growth,
it was important to have 2 very clear medium and clear petri dishes.
Examination with the low power lene of the microscope was possible
through the petri dieh bottom. It was unnegessary to open the plates
when examined in this nnnner.\thus eliminsting surface contamination.
Paraffin was used to seal all plates after inoculation as it was
Aecessary to preveant the plates from drying.

When blood cultures were made, citrated blood was used and it
was concentrated by centrifugation. Fifteen milliliters of whole blood
from the patient were introduced inte & small flask containing 8 to
10 milliliters of 2.5 per cent sodium citrate. Ten milliliSer amounts
of the citrated blood were centrifuged for 30 minutes a2t 2500 revolutions

per minute. The supernatant was discarded, end the blood cell residue

was used for eulture,



The serum modium was inoculated with ome milliliter of the blood
cell residue. Wwhen cultures were made directly from & joimt or abscessed
area, the medium wos inoculated directly with the purulent material.
Sodium citrate does not interfere with growth of Streptobecillug
moniliformls.

As & general rule eubcultures mu.at.be made in 24 hours since the
growth of the orgeniem causes & drep in pH to 6.5 to 5.9 ia this period.
These levels of acidity will kill the orgsnism if subecultures are not
wade at oace,

Brown and Hunemsker (4) have reported that the orgsnism can be
preserved for many months in a low tempersture refrigerator (-25 degrees
centigrade). After a number of subcultures the viruleace disishes,
They found that the orgsniem isclated from omne of their cases became
avirulent for mice after 400 subcultures. They were unsuccessful in
regaining the viruleace once it had besn lost. Therefore it is pointed
cut that much of the contradicticn in literature concerning the lethal
effect, production of arthritis, and the effect of chemotherapy could
be due to vsriation in attenuation through subculture, By freeszing
newly isolated cultures, it is possible to obtaim at any time the same
generation for snimel pathogenic studies. They (4) b’olicvc the
orgenism goes through some sort of cycle, but there are so many
varisbles that the cycle is difficult to trace. The filaments have a
tendency to fragment as the culture ages or as the pH changes. It is
this fragmentation that has given riee 'to the name Streptobscillus .
The fragments &re not of uniform 1ongth.” The most commcn appearance
is & dot-dash effect. Along the course of the fragmented filameats,

swollen or large round bodies cen be observed. It is believed by this
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team (4) that these bodies contain the visble elements in the cultures.

In observing the orgeniem in its various forms Wayson's stain"
instead of the more common laboratory stains was used, This stain is
little publicized eand it was used originaslly for studying Pasteurells
pestis. It hee been referred to as \v'qson‘s' Plague stain.* An
interesting effect is that viable filaments of streptobacillus will
always show up blue while the nonviable elements show up red. Serum
components in the background stain up pink.

Miravette and Caldern (13) working in Mexico City have described
& cellophane paper technigue for isolating the L form of this organism,
This method is simpler than using gradocrocl membrane or Berkfeld filters
and has obvious sdvantages over using antibiotics to inmhibit the baelllary
form. .

In searching for better methods for laboratory cultivation of
Streptobscillus the technique of Woolpert (30,31) ueing the mammal ian
fetn; as a media for growing various agents was discovered. erlportv
(30) and his collesgues pointed out that bacterioclogists have given
little thought to the use of 2 mammalian fetus for experimental work.

It is reasonable to suppose that the mammalian fetus would serve as a
good medium for festidious bacteria since it is agreed that the fetus is

sterile up to the time of birth. The placenta is impermeable to the

* Wayson's Plague Stein - dissolve 0.2 grams basic fuchsin and
0.75 grams of methyleme blue in 20 milliliter of absolute alcohol.

A3d4d the dye solution to 200 milliliter of a five per cent solution
of phencl in distilled water.

FILTER - each day before use. Stain slides for a few seconds.
Wash with tap weter and dry.

If you wash with 95 per cerni alcohol instead of tap water the
red background is eliminated.

SOUTH DAKOTA STATE COLLEGE LIBRARY 9593
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antidodies developed by the mother. There is little or no histologieal
response in fetnl‘tissns which might suggest that such tissue would
grovw organisms even when the poetnatal animal would resist them. The
concept of paresitism is incomplete without considering the reactions

of embryonic and fetal animals. The newborn animal is relatively

mature in form and function since it has the characteristics of the
species. If susceptidility in any degree parallels morphological
development we may expect the fetal reactions to differ from the postnatal
reactions. Such conditions appear ideal for growth of certain bacteria
which are difficult to maintein in an in vitro culture. The major
problems associated with embryonic cultures would be (1) imoculating the
fetus without Jjeopardizing the life of the mother or producing abortion,
(2) observing the course of events following inoculation, (3) recovering
the injected tissue at the desired status. Dr. Woolpert concludes his
article by assuring that "the technique is not without its difficulties,
but in oﬁr hande the difficulties have not been sufficiently seriocus to

render the techmique impractical.”

119593
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CGULTURAL FROCEDURES AND DATA

A, IN VITRO CULTURE

The cultures of Streptobacillus moniliformis used in this research
were obtained through the courtesy of Dr. F.R. Heilman of the Mayo
€linic, Rochester, Minnesota, The orgenism sent by Dr. Heilman wae
isolated from the blood of a patient who had been bditten by & rat.

Upon arrival the culture was immediately transferred from the
serum agar slant into tubes containing four milliliters of tryptose
phosphate broth (Difeo) (7) to which had been added 20 per cent horse
serum (Difco) (7). Also, upon arrivel an intraperitoneal imoculation
from the origimal culture was made into a white mouse.

After 24 hours incubation st 37 degrees centigrade two of the
inoculated tubes had a good growth and one was sterile.' In order to
study the effect of different media on the morphology of the organism
dextrose agar slants (Difco) (7) were prepared. After solidification
in the ul@ting position 1.0 ml., of horse serum in the form of a serum
overia.y was added to each tube. These serum overlay tubes were
inoculated with 0.1 ml. of inoculum taken from the tryptose phosphate
broth tn‘bu. Because of the necessity of ptci:ing up at least ome of
the fluff balls of growth, sterile pipettes were used in meking
transfers from ligquid media.

By varying the conditions of growth such as changing from liguid
to solid media or reducing the nutrients, it is possible to alter the
morphology of the orgenism. In general, when the orgenism is grown in

5

fluid media the filementous forms predominate; in solid media the
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shorter rod like forms predominate. If the medium is unfavorable, the
streptobacillus will grow with irregular morphology, bigzarre kmod forms
and fueiform swellings (9,10). The orgenism used for this study wes
typical in this respect. Below is & photogreph of the organism when
€rown in tryptose phosphate broth. (See plate II page 17). Beside it,
for comparison is & photograph of the same generation of the organism,
when grown in a serum overlay. (See plateAIII pege 18).

B, DESICCATION

When determining its pathogenicity to animals or when doing
comparative work, it is necesgary to have a freshly nolaué stfiin of
the organism, Desiccated cultures were made from its fourth gec:-ration
on artificial media, and preserved until later for etudy in animals.
These desiccated cultures were reconstituted, and the study in animals
began with the fifth gemeration of the orfanhn. The undesiccated
portion was used for physioclogical studies.

The following method was used to preserve the actively growing
cultures of Streptobacillus moniliformig. Horse serum was added to the
original elent, Within 24 hours, minute amounts of the suspended growth
were aspirated from the culture tube into a sterile syringe. This
material was carefully injected onto sterile ground glases which had been
placed in the fermentation tubes. Cotton plugs were used to close the
endz of the fermentation tubee. Each closed, sterile, fermentation tube
was placed on (sl in a five milliliter tube. While on a vacuum
line it was sealed by flame. The gealed év.eut-d tubes were placed
in 2 refrigerator and stored until needed: To test the vizbility of the

cultures one tube was reconstituted after one month of storege. Within



FLATE Il. Filesmentous form of the orgenism most freguently
seen im tryptose phosphzte broth (estimated 1500x).
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PLATE 11I. Large bacillary form of growth at times

revealing transverse bands; most freguently observed in
serum overlay tubes (estimated 2000x).
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twenty~-four hours after reconstituting the culture in tryptose phosphate
broth plus 20 per cent horse serum, the filamentous form of streptobacillus
was actively growing and it exhibited the same physiological character-
istics as the original cultures. This method of storing streptobacillus
proved satisfactory. The rest of the cultures were not reconstituted
for several months, yet they were equally as viable as the original
cultures, and all had the same physiological characteristics. Ia two
cases, an attempt was made to reconstitute the cultures with human
serum, ., Both attempts failed to produce growing streptobacillus from

the human serum efiri'chment media. The horse serum reconstituted
cultures were readily trensferred to 20 per cent humen serum and
produced luxuriant growth,

C. 1IN VIVO CULTURE

In three deys the mouse which had been injected iith the original
culture began to show signs of a generalized infection. It became
inactive, its coat became ruffled, respiration increased and appetite
was:lost. However, after four days the mouse looked better and by the

Iend of eight days ite gemeral sppearances were normal. Other mice ver§
injected intraperitoneally ffom one of the actively growing cultures.
On the third day following inoculation, these mice began to show
increased respiration and jerky npvenents. By the fourth day the
symptoms were pronounced. One milliliter of blood was aspirated from
the heart of one of fheae mice after it had been ansesthetized. This
heart blood was introduced into tryptose phosphate bdroth media plus
20 per cent horse serum. Within 24 hours a pure culture of the long

filamentous form of the organism was actively growing. The core of the



experimental work for this thesis involves the study of the crganism as

it grows in memmelian tissue, the in vivo culture served to meke certain
that this particular strein was capable of surviving and producing a
pathogenic condition in the living animal. The application of the
Woolpert technique for growing bacteria is more complicated and for
practical reasons it vﬁs necessary to determine the ability of =
particular orgeniem to grow in living tis:q@bbefore the Woolpert technique

was applied.

D. L, FORM

Many bacteria give rise to an L form; Streptobacillus is unigue
only in the esse and regularity with which its L form can be ealled into
being. An actively growing bacillary culture was submitted to conditions
necessary for production of the L form. Most favorable media and pro-
cedure for the production of L form coinecides closely with these
desireble for the cultivation of the Pleuropneumonia-like Orgsnisms (4).
A 1liguid medium was used which contained ten milliliters of Bacto FPLO
Broth Ba;u (Difco) (7) with ome per cent Bacto FPLO Serum Fraction
{Difeo) (7). One thousand units of penicillin per milliliter and 0.0l
grams of crystal violet dye per liter were used as bacteriostatic agents.
These cultures were incubated at 38.5 degrees centigrade for a period of
three days. Thea 0.02 ml. from these ligquid cultures were pipetted onto
a plate of Bacto PPLO Ager containing one per cent Bacto FPFLO Semu;
Fraction (DPifco) (7). The liquid was spread over the plate with a beat
glass rod and the plates were sealed with wide rubber bands to prevent
excessive loss of moisture. The plates were incubated at 38.5 degrees
centigrade. On the fourth day of snenbebien microscopic examination of

the plates revealed many L-type colonies. Two ager "cut outs® were made
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and stained. A section of agar containing the colonies was cut out snd
placed on a glass slide. A cover elip was stained with an alcoholie
solution of asure and methylene blue and allowed to air dry before it

was placed over the agar block. These sections were sealed with paraffin
and exanined with a microscope. When this preparation was examined |
under the oil immersion lens the L form of the bacteria showed up as
granular colonies pitted into the medis,

A much simpler method for the propogation of the L form of
streptobacillus was discovered. It wes called the cellophane paper
technique (13). It conmsiste of deposiiing strips of sterile cellophase
paper on the surface of serum agar medias after the stripe had been
submerged in sterile physiological saline. The inoculum from a solid or
liguid culture was streaked onto the cellophane paper. Cultures were
incubated at 37 degrees centigrade for 48 hours and then microscopically
examined. The bacillary form of the orgeniem grew on the upper surface
of the cellophane paper. When the con;phane paper was peeled off from
the agai the L form of the organism wae revesled as grovihg pitted into

the agar in pure culture,

E. BIOCHEMICAL REACTIONS

In order to study the biochemical recactions it was necessary to
add at least 20 per cent horse serum, human serum, rabbit serum, or
ascitiec fluid to esch medium under considerstion. For the fermentation
tests Seitz-filtered carbohydrates were added to a serum-peptone medium.
After the incubstion period brom-thymol blue was added and the pi was

estimsted opsically (10). Rescticns are recorded in Tsble 2,

v



TABLE 2

Fhysiologicel studies of Streptobecillus moniliformis

INCUBATION
KEDIA PERIOD RESULTS
Dextrose 3 days acid produced, pH 6.0-7.6
Lactose 3 deys growth, no acid
Levulose 3 days acid produced, pH 6.0-7.8
Maltose 3 days acld produced, pH 6.0-7.6
Kannitol 3 dsys growth, no acid
Rhamnose 3 days - growth, no scid
Saccharose 3 days growth, no aecid
Salicin 3 daye scid produced, pH 6.0-7.6
Gelatin 3 daye no liquefaction
Fitrates < days a0 reduction
Indol 2 deys not produced
Methylene blue 18 hourse reduced
¥ilk ‘ 2 deye growth, no change

The addition of soluble starch tc the media greatly accelerated
growth. For rapid growth dextrose starch droth (Difco) (7) plus 20 per
ceﬁt eerum surpaseed sll other media. A disadvantage of this medium was
the rapid drop in pH cansed by the metebolism of the organism. During
the growth process a drop in pH from 7.6 t0°6.0 occurred in 24 hours.

The more highly buffered tryptose phosphate broth delayed such pH

changes for about 36 hours. A good practice was %o subculture sas scon

as fluff balls eppesred in the medie. The biochemical reactions clited
above were confirmed ame typical reactions of Streptobecillus moniliformis
as previously described (4,10,29). It wes poesible to study the physiclo-
gicel effect of many antibiotics on this orgesnism. Literature that was
reviewed with this study gave little imformation zbout the ormin‘u'
response to antibiotics. Dieks containing the antibiotic were placed

in tubes containing two millilitere of serum tryptose phosphate broth.

One tenth milliliter of incculum wae pipetted from an sctively growing



cultures into each of the tubes conteining an antibiotic. The results
of the test are shown in Table 3,
TABLE 3

Effect of antiblotic on Streptobaeillus

CONCENTRATION
ANTIBIOTIC PER MILLIL ;
Bacitrecin 1 unit complete inhibition
Alvemyein 15 micrograms complete imhibition
Aareomycin 5 micrograms complete imhibition
Furadsntin 15 micrograms partial inhidition
Chloromycetin 5 micrograms partial iahibition
Penicillin 0.5 units partial inhibition
FPanmyein 15 micrograms ac effect
Terramycin 15 microgrsas no effect
Polymycin B 5C units no effect
Erythromycia 15 micrograms no effect
Tetracycline 15 micrograms no effect
Dihydrosteptomyein 5 micrograms no effect

Controls were zet up for each of the antibiotics tested to prove
that the orgsnism would have grown in the medis without the antibiotie.
A gecond control was included to determine the sterility of the media
end the antiviotie disk. This control wse accomplished by adding only
the antibiotié disk to the tryptose phosphate broth snd 2C per cent
serun. These tubés were incudbated with the inoculsated tubes and
checked for sterility. In all cases the sterility of these controls
was observed and typiecal growth occurred in all cases tested without
the presence of the antibiotiec.

Thie orgenism also resisted the effect of the sulfonimides and
the arscnicals. A differentisl medium wes mede using tryptose phosphate
broth end 20 per cent horse serum plus inereasing smounts of sulfanilamide.
Thie medium was found useful in controlling contemination im stoek

cultures, whers asepeis was made difficult becsuce of the addition of



blood gerum. This medium elso allowed the isolation in pure culture

of emall, fastidious cocco=bacilli from the lung tissue of normal rats,
Of eleven cultures obtained from 23 rats, only two showed contaminante
during the three trensfers through which these organisms remained
viable,

F. HISTOLOGICAL REACTIONS

The surgical procedure used in this study was that of Woolpert
(30). A female rabbit 21 days pregnant was snaesthetised with nitrous
oxide. The abdomen was shaved and disinfected, the animal was draped
with sterile towele, and a median incision two inches long was made
low in the abdomen with the aid of a grooved d.irec_tor. Bleeding, if
it occurred, wae controlled by artificial hemostasis,

The eight embryos were easily felt and manipulated through the
incision. Their skulls were easily palpated. The feti were inoculated
intracerebrally with 0.2 ml. ofb a welleghaken 24 hour serum broth
culture of the organism, changing needles between filling the syringe
and injecting .the embryos. Two attempis were made to inoculate
iatraperitoneally, but subsequent evidence of successful inoculatioan
was not found. Only the most distal and the third of the embrycs in
each horn were inoculated. (See plate IV page 25).

The uterus was returned to position and the peritoneum was oloud_
‘with interrupted linen sutures one-half inch apart. The abdominal
wall was closed with continuous stitches of linen thread snd sealed with
2 sprayed-on film of collodion. Recovery was rapid and uneventful.

The doe was sacrificed after 40 hours, the injected feti were

-

removed into 40 per cent formaldehyde for 24 h;mrs and dissected.



FLATE 1IV. Inoculation of fetus in itcro.
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Tissues were mounted in peraffin blocks by standard histologiesl
procedures and sections 12 microns thick were placed on albumineglycerol
~ coated microscope slides. The slides were stained with Wayson's Plague
Stain or with hematoxylineeosin. Thay were oxﬁnined. with the
eollaboration of Dr. John Hlston, Pathologist, for bacteria and for
evidence of inflammatory reaction. Literature (4,10,18) had fore-
warned that in tissue and other very favorable me&i.. only the rod form
of the orgenism would be found. Although & culture consisting entirely
of fine filements was injected into the brain tissue of the embryo, only
rod forms were observed in histologieal slides made alter &8 houre
incubation. Bits of drain tissue removed from the enbryé“prior to
fixing in formaldehyde and cultured in the usual media gave rise to
"typical" filamentous forms. In embryonic tissue the organism grew
uninhibited by any sort of histological or inflammatory response and
there was no infiltration of phagocytes. (See plate V page 27).

A mature young male rabbit was 1800“1&%6&41!3!‘5.'310“1&31’ with
the same passage of the streptobacillus, and was sacrificed after 48
hours. Sections of the testicular tissue revesled focal inflammation
around the bacteria, marked accumulation of histiocytes and
infiltration with neutrophile snd a ;air proportion of eosinophils.

(See plate VI page 28).



PLATE V. §, moniliformig growing in an embryonic dbrain
showing no histological reaction (estimated 1300x).
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PLATE VI Histological respoase shown to bacterial growth
ia testicular tissue (estimated 200x) normal tubules on
loft inflamed erea center and right.
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DISCUSSION

Successful atterpts were made in preserving the cultures of
Streptobacillue moniliformis for many months in vacuo although,
previous workers had met with failure when desiccating cultures of this
orgeniem. The discrepancy could arise from different technigues or
because of the viability of two different strainms. _!ho organism grew
well on solidified media in this experiment. Not all workers have been
successful in cultivating the organiem in other than ligquid media.
These discrepancies are not easy to account for, but it is possibdle
that there ccould heve been differences in the physiologicsl state or
nature of the various strains under study. There must be a correlation
between the numerous phyesiological differences and the variations in
pathogenicity end varistion in morphology thet ie observed in different
cultures.

The use of the Woolpert technique with this bscterium established
a difference in tholloculi:ation of the orgenism as between fetal and
adult tigsuee; as in the fetsl brain diffuse infection occurred with
no inflammatory respence; in the testicle of the adult rebbit few
organisme survived and these were wallednoff into minute foci with
surrouanding infiltration of granulocytes. It ie felt that the
histological studiee have ghown the firet steps of the gradual building
up of tissue response which culminatee in allergic reactions to the
invading organism. Uhile’tho,hittologieal studies probebly did not make
any grest contribution to our knowledge of the pathogenesis of rat bite
fever, some of the other things that were done in this investigation

seem worthy of note in closing this report. ¥or example, there is to



ny knowledge no published report of the sensitiiity of the org:nism

to varicus antibdbiotice other thon references to the production and
isolation of the L form. Teetes were rum showing the sensitivity of
Streptobacillus mopiliformig to a wide variety of these agents, end
showed that they are resistant to most of them, The tests used for
thir sensitivity analysis are entirely comparable tc the standard tests
for antibiotic sensitivity that are used in all cliniecal bactericlogical
laboratories. The only differences are the uses of 20 per cent serum
enrichment used in the media and the type of controls necessary ia
this case. A differential media wes made involving the sulfanilemide
inhibitor which sllowed for control of contaminstion in gtock cultures,
and which allowed the growth of the fastidious coeco-bacilli from the
lungs of normal rats. It is not claimed that these organisms were
Streptobacillus moniliformis, but it is poseidle that successful
growth on ertificial media might be related to ability to grow in
species other than the natursl bost and had an atiempt been made to
establish these unidentified isolates in mice or rabbits they mlght

have proven to be Streptobacillue moniliformis.
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SUMMARY

Morphological and physiological studies of §treptobacillus
moniliformis were done in vitro on a strain of the organiem
isolated from & humen case of rat bite fever.

The orgenism was studied for ites sensitivity to various antibiotics
and sulfonamide drugs. |

A suitable method for preserving the organisms in their viruleat
state was developed.

Organisms resembling the species under study were isclated from
rat lungs and carried in srtificial media for three serial transfers.
A differential medium for isolating certaln fastidious orgonisms
in their virulent state was developed.

The Woolpert technigue for inoculation of feti in utero was
applied for the first time to‘ﬂg;gglghgg;llgg,ngg;l;;g;g;g.
Histological studies were made of tiasﬁe reaction of fetal

brain and adult testicle to the inoculation of virulent
Streptobegillus moniliformis.

The significance of the hiptological findings in relation to the

pathogenesis of Streptobacillus infections is discussed.
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