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INTRODUCTION

The dysenteries have afflicted man fcr centuries. They
are severe or mild inflzmmations of the lower intestinal tract,
that are at least partially characterized by Ifrequent painful
evacuations of bloody mucopurulent stools. The organisms are
present in the intestinal tract, and occasionally in the mesent-
eric glands, but do not invade the urinary tract or the blocd
stream.

There are twc main types of dysentery bacilli:

l. Shigella dysenteriae which produces acid in glucocse

and which produces no acid in mannite, lactose,
and dulcite, and does not form indole.

2. Shigellg paradvsenteriae (Flexner, Hiss (Y), Strong,

and others) which produce acid in glucose and man-
nite and form indole.

The Shiga type is type-specific in the antiger content and
may be differentiated from the paradysentery group by specific
immune sera. It produces an exotoxin (neurotoxin) as well as an
endotoxin (enterotoxin). The presence of these two toxins nzave
been determined by a number of independent investigators during

recent years.

In 1lwyvs, Shiga (1) discovered in the stools of patients,
suffering from dysentery in Japan, the micro-organism which bears
his name. Following Shiga's work, discoveries by Kruse in Germany

and Flexner in the Philippines further confirmed Shiga's work



that bacteria cause dysentery. 1In recenrt years a number of strains
of paradysentery, with some cultural and antigenic similarities to
the Shiga type, have been studied but the virulence of these re-—

lated types has been shown to be less than thet of Shig. dysenter-

iae and they do not produce neurotoxin. These basic differences

were the main factors for the Shiga type for research.
The general impression is that dysentery in its severest
form is to be found in tropical cr semitropical countries, and
while it is true that most outbreaks are caused usually by the para-
dysertery and related groups there are ocvcasional sporadic out-

breaks of 3higella dysentery in the United States. At Owossco,

Michigan, an instance cf the cccurrence of this type is brought to
our attention. The Owosso strain of Shigella dysentery was ob-
tained through the courtesy of the lichigsn Department of Health.
The transmissible lytic substance, called bacteriophage,
was discovered independertly by Tweort in 1915 and by d'Herelle in
1917. d'Herelle has stated tnat he first observed the phenomenon,
in Mexico, in 1909, while working on a bacterial disease of locusts.
The nature of bacteriophage is still a subject of dispute,
but the production of this substzance in the absence of bacterial
cells by Krueger and Baldwin (2) will lead, no doubt, to further
clarification of this point. It is not the purpose of this re-
search to delve further into the nature of bacteriophage, but to
study the antigenic characters designated by Larkum (3) and later
Holm, Andercson, and Leonard as "3Staphylococcus bacteriophage Toxcid.

This study will emphasize research cn lysed 3hig. dysenteriage cells

and their bacterial products.



The investigations of bacteriologists who have studied
this subject indicate that bacteriophages have antigenic speci-
ficities. Animals injected with bacteriophage filtrates develop
corresponding antibacterial antibodies. Larkum (3) states that
bacteriophage is an antigen of toxoid character, since it does
not produce hemolysis and dermonegrosis, is innocuous to rabbits,
and will produce antitoxin which neutralizes the toxic proper-
ties of staphylococcus toxin. Lolm, Anderson and Leonard (4)
state that staphylococcus bacteriophage toxoid contains both
endo—~and exotoxin principles in solution which they designate
"ambo~toxid".

It is the purpose of this research to determine if these
bacteriophage antigens are toxoid or toxin in character for

Shig. dysenteriae and to compare bacteriophage and purified bac-

teriophage with Shigella bacterin, exotoxin, bacteriophage-exo-
toxin, endotoxXxin and bacteriophage-exotoxoid.

The purification of bacteriophage according to the pro-
cedure of Krueger and Tamada (1ll) and the subsequent discovery
that Shigella bacteriophage No. 18 contained both endo- and
exotoxins led the autho. to attewpt & similar procedure for the

purification of Shigella exotoxin.



EXPERIMENTAL

A review of the literature in reference to types of
media required for the production of exotoxin and endotoxin
indicates that several media must be used. Olitssky and Kligler

(7) have carried out extensive study of the Shigella dysenteriae

toxin. They differentiate quite definitely between the exotoxin
and endotoxin. Their exotoXin was obtained by growing the organ-
isms for five days in alkaline-~egg broth, while their endotoxin
was produced by incubating the organisms from agar growths in
salt solution for two d ays. The filtrate from the latter med-
ium contained the endotoxin.

Subsequent data will show that it is unnecessary to use
two types of media for the producticn of both toxins but in the
author's experiments two types of media were used in order to

prepare bacteriophagic antigens in broth as well as exotoxins
and endotoxing on nutrient agar.

Culture media for growth of the organisms were nutrient
broth and nutrient agar. ETach was adjusted to pH 7.6. Medig
for fermentation reactions were 1 per cent peptone water con-
taining Andrade's indicator with Q.5 per cent each of glucose,
mannite, lactose, and dulcite. 1lhe test for indcle was made on
7 day o0ld culture in 1 per cent peptone water in which one or

two drops of Ehrlich's (6) feagent was added:



PREPARATION Of mEDIA

Strains of Shig. dysenteriae rapidly lose their via-

bility ii frequent transplants are not made. & semi-solid
medium used once a month maintazined the toxicity of the or-
ganism.
The medium was prepared as follows:
1. Semi-~so0lid Medium
Whites of 2 eggs
Yolk of 1 egg
200 cc distilled water
Mix the eggs thorcughly with an egg beater before add-
ing the water. Boil 2 minutes, stirring constantly. Filter
first through a wire strainer, and then through cotton. Steril-
ize at 15 lbs. pressure for 15 minutes.
To 2 sterile veal infusion agar (l1.5% agar, l% peptone,
0.5% NaCl) add sterile egg mix in the proportion of 5 cc of egg
mixture to 2 cc of agar. Mix, tube under zseptic conditions,
and allow to sclidify. Stab cultures are nade.
The medium is gquite soft but will solidify somewhat on
cooling.
This type of medium will not suffice to maintzin the
visbility of organisms, except when the strains are frequently
transplamnted. It was found that rapid travsfers of ten or more

*seedings" in nutrient broth nct only rendered the organisms



viable but enhanced the production of both exo- and endotoxins.

2. Nutrient Broth.

A.

Formula:

Ground veal, Tat free (Iutusion) 500 gms.
Peptone, Proteose, Bacto 15 gms.
Sodium chloride, C.P. 5 gms.
Sterile 25% dextrose solution 10 cc.
Distilled water 1000 «cec.

Procedure.

500 gms. of chopped, defatted veal were placed
in 1 liter of distilled water and infused over
night in the refrigerator. It was then boiled
for an hour, passed through a press, filtered
through cheese cloth and cotton, autoclaved
for 20 minutes at 15 pounds pressure and cool-
ed over night in the refrigerawor. The fat
was then skimmed from the surface aud the vol-
uwe was made up to 1 liter. The peptone and
salt were added and the reaction was adjusted
to pH 7.6. The media were heated to 100°C.

for 10 minutes. The reaction was readjusted

to pH 7.6. 100c¢c pertions were placed in
Erlenmeyer flasks and sterlized under pressure.
Onhe cc. portions of ZX5% sterile dextrose solut-—

ion was added aseptically to each flask prior



to use. All flasks were incubated at 35-36°C.
for 48 hours to check sterility.
3. Nutrient Agar.
a. Formula:
Na Cl (C.P.) 5 gms.
Neo-Peptone 15 gms.

Veal Infusion (prevared as in 2b 500 cc.
but made double strength)

Distilled water 5C0 «c¢g.
Agar 40 gms.

b. The medium was prepared as in 2 b.

SCURCE OF CULLURES

shig. dysenterise cultures were kindly supplied by a

number of universities and biological laborztcries. The iden-

tity of each culture was checked by fermentation tests cn
glucose, mannite, lactose and dulcite, by indole production
in Dunham's sclution and by agglutination tests with Shig.

dysenterize antisera obtained from the National Institute of

Healtih. The cultures with their biochemical reactions are

listed in Teble 1.
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PREPARALION OF EXOTOXINS

Strain Ne. 18 was trarsferred four or more times in

dextrose nutrient broth. Each transplent in 10 cc of the broth
included four loopfuls which perceptibly clcuded the broth in
four hours or less, then 0.1 cc of the last culture was trans-
ferred tc a 100 c¢ flask containing 25 c¢ of nutrient broth which
then was incubated for 24 hours. One cubic centimeter transplant
of this 24 hour broth culture was made aseptically to Kolle cul-
ture flasks containing a layer of nutrient agar. TF®ven distri-
bution of organisms over the surface ot the agar was obtained by
making a "spreader" through a process o1 slightly curving about
10 ¢cm. of a 40 ¢m. stiff iron wire and covering the curved ares
with a thin layer of absorbent cotton which was secured with
coarse silk thread. This "spreader" was sterilized in a 500 cc
Erlenmeyer flask at 15 lbs. pressure for 30 minutes.

The organisms were grown 20 hours on nutrient agar and
the growth was loosened with a "spreader" after 5 to 1O cc of
physiological salt solution had been added and allowed to macer-

ate for two hours.

PROCEDUKE FOR SEPHKALLION OF EAQTIOALN
FROL ORuUANLISMS

1. Suspensions of Shigella orgenisms were heated at
60Cc for 1 hour and checked for sterility.

2. Supernatart fluid wes separated froem the suspensicn
by rapid centrifugation. The supernatant fluid which contains

the exotcxin was Tiltered through a Pasteur-Chemberland L3.



cendle and checked for sterility.

3. M. L. D. of the exotoxin was determined by intra-

vencus injection in the marginal vein of the ear of & rabbit.

4. Lhe precipitated cells were retvained for future pre-—
paration of endotoxin.

PREPARATION OF ERDOTIXIN

Boivin and liesrobeanu (8) (1n collaboration with Calalb)
have shown that by the trichloracetic acid technique, a ther-

wostable substance can be extracted from Shig. dysenteriae

bacterial bodies of S form which,when injected into susceptible
animals in lethal amounts, produces diarrhea followed by death
in 24 to 48 hours. This substance does not produce the char-
acteristic paralysis of the exotoxin.

The guthor's technique, which was a modification of the
method of Boivin and Mesrobeanu, was carried out as follows:

The cells were digested with 0.5% trypsin and 0.5%
NagCOz for sixty hours and then the trypsin was revnlenished,
but no wmore sodiuf carbonate was added, and digestion was con-—
tinued for an additional sixty hcurs. Trichloracetic acid was
added until the cells gave a pH of 3.5 and the mixXture was allow-
ed to stand three hours, then neutralized with N/1 NaOH. The
mixture was now centrifuged. The supernatant liguid was dialyzed
by means of a cellophane sac against distilled water for 36 hours
with a change of distilled water every 12 hours. The material

in the dialysis-~sac contained the endotoxin. The dialysate was



filtered through a Pasteur-Chamberland L.3 candle and grad-
uated amounts were injected intravenously into rabbits to

determine the minimum lethal dose.



PREPARATION OF SHIUELLA BACTERIN

The same procedure for preparaticn of exotoxin was

used for Shigella bacterin. The bacteral cells and bacterial
exudates were left intact after heating and graduated amounts

were injected intravenously into rabbits to determine the min-

imum lethal dose.
PREP4ARAYION OF BACTERIQPHAGE

IThe preliminary work fcr the different antigens began
with the adaptation of bacteriophage t6 Shigella No. 8.
The final compzrison was made with strain No.1l8 bacteriophage
that had a minimum lethal dose of 4cc for a rabbit weighing 2
kilograms injected ihtravenously. This bacteriophage also pro-
duced paralysis end diarrhea in rabbits injected subcutzneously.
Death occurred when lurger doses wmere given.

Shigella dvsenteriae was transplanted at least four

successive times and additional transplants were used when fdur
transfer loops o1 organisms in 1lCcc did not prcduce definite
¢louding in four hours or less incubation. Bacteriopnage was
obtained frow fresh untreated sewage. The sewWage wes filtered
through cotton, followed by filtration through filter peper
coated with fuller's earth and finzlly by ultrafiltration to
render it bacteria free. After sufficient rapid transfers the

activity of the bacteriophage was determined by the methods



recommended by d'Herelle (8) as preliminary tests and by
Krueger (9) for the final téests. After the bacteriophage had

reached a "fixed" stage the succeeding filtrates were reserved

for future animal inoculzticns.
Another source of bactericphage was that obtained from

Mallmann (5). The bacteriophage readily lysed Shigella strain
18 and after 1O transfers, the titre obtained was 10-8. This

lysing titre checked again atter 50 transfers were made was 109,
Subsequent dhecks for 100 transfers and 150 transfers gave no
increase in the titre. The large number of transfers gave an
abundant supply of bacteriophage so that a check could be made
as to the relative toxicity of the lysed bacterial products.
Bacteriophage with a final titre of 10-8. was isolated
from unal tered sewage. Bacteriophage that was six monthe old

produced death with slightly larger doses than with the freshly

prepared bacteriophage..

PREPARATION OF BACIERIOPHAGE-EXOTOXIN

Bacteriophage-exotoxin was prepared by adding bacterio-
phage and exotoxin in proportion to their minimum lethal dose.

The Mi.L.D. of the bacteriophage-—-exXotoxin was then determined.

PREPARATION OF baCTERIOPHAGE-EXOTOX01D

Bacteriophage—exotoxoid was prepared as follows:
0.4 per cent formelin (U.S.P.) was added to the flasks of

bacteriophage—~exotoxin. (u.bL.U.~4cc)



The mixture was incubated for four weeks at 40°C.
It was then checked for toxicity.
The szme quantity was used for immunizaticn as was

used in bacteriophage-toxin immunizations.
PREPARATION OF PURIFIED SACIERIOPHAGE

(a) The Procedure for the Purification of agar

The preparation of relatively pure bactériophagé has
been presented oy Krueger and Tamada (ll). To carry out the
purification process, purified agar was used as a substrate. 1In
order to use agar the author has modified the procedure recom-
mended by Dominikiewicz (12). Two hundred and fifty to three
hundred grams of agar in a powder form was dissolved in three to
four liters of hot water kept at z temperature just below the
"boiling point in & double boiler. The melted agar was poured
in a thin stream into eight or more liters of 95 per cent alco-

hol, which had been slightly acidified with acetic acid while the
fluid was continually stirred by means of a glass rod. The agar
precipitated at once from the solution in the form of a spongy,
white sediment. After the fluid had bheen vigorously shaken and
the sediment had settled to the bottom, the alcohol was decanted,
and the agar sediment was poured on a piece of fine-meshed linen,
which was stretched over a battery Jjar of ten liters capacity.
The precipitated agar was washed in 95% alcchol to remove all
traces of acetic acid., It was dried in an oven for two hours at

60°C. The agar was stored in glass containers.



The removal of traces of acetic acid sc that the agar
was neutral was a problem that had to be solved. It was found
that the particles of agar retained considerable acid even after
eXcessive washings with neutral alcohol as recommended by Dom-

inikiewi¢z (12). The precipitated agar was alternately immersed

and firmly pressed out through a linen clcth four times, each,
in ten 25Qcc quantities of 95 per cent alcohol. This process
gave a'neutral agar.
(b) Preparation of Relatively Pure Bacteriophage
The preparation of relatively pure bacteriophage sus-—

pension was carried cut with slight modification of the procedure
recommended by Krueger and Tamada (11).

It is a well-known fact that the lytic agent, bacterio-
phage, i1s commonly associated with colloidal substances cf the
culture mediuw used for its preparation. This point has been
emphasized by Bronfenbrenner (13), 2nd it appears quite obvious
that these non-specific protein substances may prove quite dele-
terious. 4Andrews, Bulloch, Dreyer, Keldes, Ledingham, and Wolf

(14) state:

"Since the horse is a highly susceptible animal, a
start must be made with very small doses. The actusl
quantity of the toxin to be injected will depend on_
its strength. The stronger the toxin the Letter, since
the volume injected will be the smaller. Afte. every
injection, a careful watch must be Xept on the animal.
The intensity of the lpcal reaction eviderced by infil-
tration at the site cf injection, the temperature, appe-
tite, and general condition of the &snimal are to be noted
and reccrded. Among the ill-effects that may follow
toxin injectiors, the most severe are paralysis and death
of the horse with fatty degeneration cof the heart and
degenerative changes in the kidney. 4 chronic malady
sometimes supervenes in the arimals which have undergcne
for some years continuous courses of antitoxin-nroduction.



The first sign is an enfeeblement of the anti-
toXin-producing power. The animal soon beccmes ill

and eventually dies with amyloid degeneration of

the spleen and liver, and with hepatic znd periton-

eal hemorrhages."

Muir (15) made a similar statement but it applies more to
to the results of absorption of toxins in the body, which have
been elaborated following bacterial infection. The statement
is as follows:

"Toxins are absorbed from the site ¢f bacterial
growth and are carried by the blood stream throughout

the body. Hence there is often seen in infections a
general toxic action, the inJjury being more diffuse

but less severe. Various retrogressive changes are
thus produced in various organs -- cloudy swelling,
fatty degeneration, scmetimes foci of actual necrosis.
These are most marked in highly specialized c¢ells, and
in organs concerned in the excretion of toxins, espec=~

ially the kidneys and liver.*

The apparatus and materials for purification of bacterio-
rhage are explained in the accompanying diesgram. Convenient
dimensions for the tube are 15 ¢m. by 5 cm. with a total volume
of approximately 295 cc. A pyrex glass cylinder was used with
2 one-hole stoppers. The cylinder and stoppers were sterilized
with 70% alcohol which was later removed with sterile saline

solution, since the pyrex glass occasiorally would break with

autoclaving.

The kridges were inverted and filled with sterile purified
3 per cent agar containing 2 per cent NaCl. by attaching to the
distal end of each tube a piece of soft rubber tubing which was
closed with & Mohr's tubing clamp. 'When the agar was hardened
the lower bridge and stoppes were inserted into the pyrex cylin-
der and successive layers of 3, 2, 1, and 0.b per cent agar con-

taining O.2 per c¢ent NaCl were pipetted into the glass cylinder,



but each layer was first allowed to congeal in the refrigera-
tor before adding the succeeding layer. The layers were equally
divided so that the total space occupied was equivalent to
approximately one-half the length of the cylinder minus the
space which was occupied by the rubber stopper inserts. after
the agar was congealed a sufficient quantity cf bacteriophage
suspension was layered over it to allow a space of 1 to 2 cm.
between its upper surface and the rubber stopper when the lat-
ter was placed in position.

A current of 100 to 125 volts and from 5 to 1C milliam-—
peres was supplied by connecting in series four-45 volts radio
"B" batteries to which was attached direct current voltmeter
and milliammeter of sufficient calibrations and a rheostat
with a maximum capacity of 0.10 amps. and approximately 27,000

ohms resistance. The current was passed through the apparatus

for 20 to 24 hours and the copper chloride anrd sodium chloride
solutions in which the electrodes were immersed were changed
once during that period. The electrodes of silver and copper
respectively, were washed thoroughly at the same time the sol-
ntions were changed. Bacteriophage was changed once during

the procedure.

The 0.5 per cent agar was sliced into sections with a
gsterile spatula as it was fecrced from the cylinder and received

in a sterile Petri dish and was macerated for 12 to 15 hours in
physiological saline for future purification. The remaining
layers of agar were treated in the same manner and were found

to give a negative reaction with Hopxins-Cole (16) reagent.



The phage concentraticn gave a range between 10-8 to lO‘lO,
which was in marked contrast to Krueger and Tamada (11), who
report completely lysed susceptible bacteria at a dilution of
10-16, The "layer" method has the advantages of removing a
greater amount of the colloidal aggregates, and the retenticn
of the uoper layer of partially purified bacteriophage which

may be used for future purificatior.



Fig., 1. A7%deratus for nredsretion of relestivelv —ure
becterionhapre,

A, brcteriooshape gussen=icn., B, gele of 3 wer cent
2 mer cent, 1 »nercent and 0.5 ner cent Huriled scsr and
C.2 mer cent c.p. NeCl in dietilled water., C and D, glass
bridges centsining 2.0 ner cent nure sger gel with 0.2
ver cent c.». Nefl. &, norcelsin cu»m with crvstsls of
CuCl2 =t bottom. Yater to level of Sotted line. Negstive
oole (covver) of D. €. circuit divs into crystels., F, nor-
celegin cuv with crvetrsle of N=Cl =%t bnottoin., Vater to
level eof dotted line. Silver fcil sttsached to nositive
vole of D. C. circuilt dine into crystals.

Adsnted from Kruerer, J. Gen. Phyeicl,, “ol, 17,



PREPARALION OF PURIFIED EAOTOXIN

The purification of Shigells bacteriophage by electro-
phoresis made possible the retertion in part of the endo-~ znd
exotoxin. This procedure cffered an opportunity for the re-
moval of exXtraneous materials from toxin.

The procedure was applied to the purification of exo-
toxin, The exotoxin used fer the purification had an i.L.D.
of 0.05 cc¢ for a 2.0 Kg.rabbit. when 10 cc of the same exo-
toxin purified was injected into a rabbit intravenously, no
perceptible reaction occurred. When the bacteriophage filtr-
ate of the top layer of agar (0.5 per cent), which was re-
Jected in the purification of bzcteriophage, was injected in
5 c¢¢ quantities, characteristic paralysis was followed by
death, Since the 0.5 per cent layer of agar gave a weak
positive reaction with the Hopkins-Cole test, this fracticn
was repurified by passing through ancther 0.5 per cent layer.
This produced an exotoxin with a negative Hopkins-Cole re-

action and only a slight loss in toxicity.

It is difficult to understand why bacteriophzge should
retain some of its toxicity when purified by electrophoresis
while exotoxin under identical methcds of purification should
lose its toxicity. This may be due, however, to variability
in the agar substrate but checks cn this point failed tc denm-
onstrate this as the cause.

The major portion of the experimental work was conduct-
ed with (Shigelle "O"), strain No. 18, which is one of the rive

cultures received from the Imperial University, Javan, in



January, 1937. This culture was demcnstrated to be the most
virulent.

0f the 19 strains tested, strains Nos. 8 (No. 202-Lederle,
13 (Shiga lloore), 15, 16, 17, 18 and 19 gave to rabbits pro-
nounced reaction intradermally. Strains 15, 16, 17, 18 and 19,
which were the cultures obtained from the Imperial University,
were gs a group the most toxic. Of these five strains, strain

18 was much more toxic than the other four. By intravenous in-
oculation the same relationship as indicated by intradermgl
tests was obtained.

Strain No. 20 gave cultural, agglutinating, and toxin
characteristics like Strain 18.

Shigella culture No. 8 was used in the preliminary tests
for antigenic study of bacteriophage. At first injections with
the specific bacteriophage were made daily.

The injections were made both subcutaneously and intra-
venously on albino rabbits.

Shigelle Bacteriophage Injecticns:

The agglutinating titre of normsl sera of all rabbits
used for injections was less than 1 tc 5.

The following animals received 1Occ of bacteriophzage,

10=? as indicated, prepared from Shig. dysenterize Nec. 8 and,

later, followed with Shigella No. 18 bacteriophage for compar-

ative antigenic value:
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Tables III a and b show the data obtaired in determin-
ing the minimum lethal dose of exotoxin. The minimum lethal
dose for rabbits weighing 2.0 Kg. was found to be 0.5 cc.

Tables IV and V show the data obtained in determining
the minimum lethal dose of exotoxin, when normal sera of rab-—
bits Nos. § 0 and S respectively were added to dilutions of
exotoxin and incubated at 37°C for two hours prior to inject-
ion. The miniwum lethal doses were found tec be the same
as that obtained for the exotoxin alone.

Tables VI and VII present the data for determining
the minimum lethal dose of normal pocled serz of rabbits
S5, 54, Sy, and Sg ard rabbits ¢, 10, 11 and 12. rhis pro-
c¢edure was carried out in the same manner as for rabbits in
Tables 1V and V. The minimum lethal doses ware found, also,
"to be the same as for exotoxin alone.

These demonstrate that the rormal sera of the rabbits

used for the preparetion of immune sera were free from any
interfering antibodies at the start of the experiment.

The rabbits were divided into two groups, one group

receiving injections subcutaneously and the other intraven-
ously. Rabbits 35, 5,, Sy and Sg were injected subcutaneously
and rabbits 9, 10, 11 and 12 irtravenously. all of the ani-

mels were injected daily for 7 days and then weekly for 10

weeks.

One week after the final injections, each rabbit was

bled from the heart into clean sterile test tubes. 1In order

to get a large proportion of clear sera, the test tubes wmere



examined for internal roughness and tubes were discarded that
did not show an even, smooth surface. Approximately 5cc was
placed in each tube, plugs were inserted and tubes slanted so
that the btloocd came within one or two centimeters of the cot-
ton plugs. After the blood coagulated, its surface was freed
from the test tube with transfer needles, then placed in re-
frigerator over night, when sers was drawn off and placed in
sterile tubes which were secled and kept in refrigerator
until used.

The exXotoxin was previously determined to have a
K.L.De of Ou5 cu for rabbits witn an average weignt of 2.0
Kilograms (Table II a ana b.) Tapie VII1 presents the

antibody titre for rabbits Nos. Sz, 53, S7 and Sgimmunized

subcutaneously against Shigella bacteriophage No. 8.

Table IX presents the antibody titre for rabbits Nos. 9, 10,

11 and 12 immunized intravenously against Shigella bacteriophage
No. 8. + Table X presents the antibody titre for rabbits Nos.

32, 545, 97 and Sg immunized subcutaneously against Shigells bact-
eriophage No. 18 aund Table XI presents the antikody titre for
rebbits Nos. 9, 10, 11 and 12 immunized intravencusly against
Shigella bacteriophage No. 18.

Table XII shows the data for intravenous injections of
strain No. 18, Each animal was inJjected weekly for eight weeks.
One week after final injection each arimal was tled and the
agglutination titre determined.

The normal agglutination titre for all enimals used wes

less than 1 tc 5.



The immunizing dose used for each antigen was one-half
the minimum lethal dose. Rabbits LR 1, 2 and 3 were treated
with exotoxin; LR 4, 5 and 6 with endotoxin, LR 7, 8 and 9
with bacterin, LR 11, 12 and 13 with exotoxin~bacteriophage;

LR 14, 15 and 16 with purified bacteriophage; LR 17, 18 and 19
with bactericphage;,; LR 20, 21 and 22 with bacteriophage exotox~
oid. Nos. LR 10 and 23 were controls.

The agglutination titres for the respective anti-
gens were as follows:

Exotoxin less than 1 to 5

Endotoxin ranged from 1-30CO to 1-5000
Bacterin ranged from 1-1600 to 1-2000
Exotoxin-bacteriophage from 1-20 to 1-25
Purified bacteriophage from 1-50 to 1-60
Bacteriophage 1 to 50
Bactericphage-exotoxid 1 to 60

In order to heave sufficient exo-endotoxin to carry
out the tests for evaluation of antibody preduction of Shig.

dysenteriae, various batches of the exo-endotcxin were pooled so

that a constant M.L.D. could be obtained. Since the range of
toxicity of the several batches was 0.05 to 0.2 cc, the differ-
ent batches were mixed in such proportions that the M.L.D. of the
final mixture was C.1l co.

The method for determination oi proportion of the bat-

ches is illustrated as follows:



(1) 1 = 20; (8) 1 = 10; 1 - 5

.05 0.1 0.2

Solution:
0.05 = <C_ _ _ _ $ = 1 part

'

' |

' 10 !

1
0.2 5 10 - 2 parts

The ratio of 0.05 M.L.D. tc .2 M.L.D. is 1 part to 2 parts,
or for every cubic centimeter of 0.05 M.L.D., two cubic cen-

timeters of 0.2 M.L.D. should be used.

Fcr care of cperaticn and clear comparative results, animals
of approximately the same age and weight were used. This

made it pcssible tc give each animal exactly the same desage.



DETERMINATION OF M.L.D. OF EXOTOXIN FROM STRAIN 18.

TABLE III a
Rabbit Weight Saline Exotoxin Result
1 2.08 O.4cc O.6¢cc d.29 hr.
2 2.06 O.5¢c 0.5cec d.56 hr.
3 2,08 O.6¢c O.4cc Slight Par-
alysis

DETERMINATION OF M.L.D.

OF EXOTOXIN FROM STRAIN 18.

TASLE III b RECHECK OF 1II a

Rabbit Weight Saline Exctoxin Result
4 2.00 C.4cc O.6¢cc d.39 hr.
5 2.02 O.5cc O.5¢ce d.72 hr.
0.6¢cc O.4cc Paralysis




DETERMINATION OF M.L.D. OF EXOTOXIN MIXED WITH NORMAL SERUM
OF RABBIT NCO. SOC.

TABLE 1V

Rabbit Weight Serum Saline Exotoxin Results
1 2.02 lcc O.4c¢c O.5cc d.38 hr.
2 2.00 lee O.5¢cc 0.5cc d.60 hr.
3 2.01 lce O.6¢cc O.4cc Paralysis

DETERMINATION OF M.L.D. OF EXOTOXIN MIXED WITH NORMAL
SERUM OF RABBIT NO. S.

TABLE V

Rabbit Weight Serum Saline Exotoxin  Results
1 2.00 lcc O.4c¢c O.6¢cc d.40 hrs.
2 1,99 lcc O.5ce O.5cc d.59 hrse.

3 1.98 lcc 0.6cc QO.4cc Lived




DETERMINATION OF M.L.D. OF EXOTOXIN MIXED WITH POOLED
NORMAL SERUM OF RABBITS $2, S5a, S7, and S8

TABLE VI
Rabbit Weight Pooled Sera Saline Exotoxin‘ Results
1 2.03 lce O.4dcc O.5¢c¢ d.39 hr.
s 2.02 lce 0.5¢c O.5¢cc d.79 hr.
3 2.04 lce O.6¢cc O.4cc Slight
Paralysis

DETERMINATION OF M.L.D. OF EXOTOXIN MIXED WITH POOLED
NORMAL SERUM OF RABBITS 9, 10, 11 and 12

TABLE VII

Rabbit Weight Pooled Sera Saline Exotoxin Results
1 2.01 lce O.4cc O.6¢ce i.52 hr.
2 2.01 lce O.5¢ce C.5ce d.92 hr.

3 2.00 lcc C.b6¢cec 0.4cec Lived




DETERMINATION OF M.L.D. OF EXOTOXIN MIXED WITH SERA FROM
RABBITS 82, 5a, 57 and S8 IMMUNIZED SUBCUTANEQUSLY WITH
SHIGA-BACTERIOPHAGE NO.8

TABLE VIII

Rabbit Weight Pocled Sera Saline Exotexin  Results
1 2,08 lce O.4cc O.6¢cc d.48 hr.
2 1.96 lce Q.4c¢c QO.6cc d.46 hkr.
3 2.10 lcc 0.5¢cc O.5cc d.69 hr.
4 1,93 lce 0.5¢c Q.bce d.70 hr.
5 2.06 lce O.6¢cc Q.4cc survived
6 2.00 lcc QCebcCC Q.4cc survived

DETERMINATION OF M.L.D. OF EXOTOXIN MIXED WITH SERA FROM
RABBITS 9, 10, 11 and 12 IMMUNIZED INTRAVENOUSLY WITH
SHIGA-BACTERIOPHAGE NO.8

TABLE IX

Rabbit Weight Pooled Sera Saline Exctoxin  Results
1 2.04 lcc O.4cc O.6¢cc d.56 hr.
2 2.08 lcc O.4cc Q.6¢c d.50 hr.
3 2,01 lece O.b5cec O.5¢cc d.84 hr.
4 2.00 lce O.5¢c¢ 00500 d,74 hr.
5 2.03 lce O.b6cc O.dcc survived
6 1.99 lcc Qe.bcc O.4cc Survived




DETERMINATION OF M.L.D. OF EXOTOXIN MIXED WITH SERA
FROM RABBITS S2, 5a, §7 and S8 SUBCUTANEQUSLY
WITH SHIGA-BACTERIOPHAGE NO.18

TABLE X
Rabbit Weight Pooled Sera Saline Exotoxin Results
1l 1.99 1ce O.4cc O.6cc d.74 hr.
2 2.08 lcc O.4cc O.6ce d4.79 hr.
3 2.04 lcec 0O.5¢cec QO.5¢cc survived
4 2,01 lce 0.5ce O.5¢cc survived
5 200 lcc O.6cc O.4cc Survived
6 1.98 lcc D.6¢cc O.4cc Survived

DETERMINATION OF M.L.D. OF EXOTOXIN MIXED WITH SERA
FROM RABBITS 9, 10, 11 and 12 IMMUNIZED INTRAVENOUSLY
WITH SHIGA-BACTERIOPHAGE NO.18

TABLE XI
Rabbit Weight Pocled Sera Saline Exotoxin Results

1 2,03 lcc O.4cc 0.6cc d.83 hr.
2 1.98 lce C.4cc C.6ccC d.83 hr.
3 2.02 lce 0.5¢¢ O.5¢cc Survived

4 2.00 lcc Q.5ce (OPgs1+14] survived

5 2.03 lcc O.6cc O.4c¢c Survived

6 1.99 lce Q.6¢ce Qedce Survived
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To determine the comparative value of the anti-
bodies produced neutralization toxicity tests were made:

Exo-endotoxin was added to the various antisera
and incubated at 37° C. for two hours for combination
before injections were made.

Table XIII gives, alternating, a comparison of
exo~endotoxin with and without ncrmal serum. The follow-
ing tables give the comparative values for antibody pro-
duction in albine rabbits after intravenous injecticns of
exotoxin-endotoxin with immune bodies of (XIV)Shigella Bact-~
erin, (XV)Exotoxin, (XVI) Bacteriophage-exctoxin, (XVI)Puri-
fied Bacteriophage, (XVIII) Endotoxin, (XIX) Bacteriophage,

(XX) Bacteriophage-exotoxoid.



05 1°'0 =

UIX0q0puy—-o0xXy g 1N

*

peATIAANS 95GZ°0 00GLE T 00 00 LL°T 01

paatAaans 99G2°0 00GLg°0 95 0°*'T 28°1 6

peaTAaNS 90 G60°*0 02 00°1 90 00 18°1 8

peATAINS 90 GO0 20 G¢*0 20 0°T 08°1 L
*Say Q9 °*p 290 1°'0 20 Q01 90 00 6L°T1 9
*SIy g% °p 90 1°'0 90 ¢°0 50 0°'T ¢ G
*Say g2 °*p 50 2°0 05 0°1 95 0°0 9L°1 74
*Say 2 °p 20 2°*0 20 20 93 0°1 22°1 )
*say 2T P 00 §°0 90 0°'1 22 0°'0 8L"'1 3
“85IY 9T P 90 $°0 00 0*0 00 0°1 8% 18°1 1

o uIxoJ euTIBS

=8311088Y ~0PUH-0XK *1eo1sfyd  ea8g fewdoj pejood qu8tey  31qaey

wniss TewJdoN 100Uy} TM pue UYITH UTX0J0PUE-OXE TIIX @1qel



peATAINS 09G0°*0 00G¢°1 20 0°0 28°'1 01
PaATAJINS 20G0°0 20G2°1 20 0°'0 oe*1 6
peATAansS 09G0°0 00G¢*0 00 0°1 18°1 8
POATAJINS 20G0°*0 29Ge°0 90 0°1 6L°T L
paAtTaIns 20 1°0 20 ¢°0 90 0°1 08°1 9
peATAINS 00 1°*0 90 ¢°0 09 0°'1 8L°1 G
paATAILS 20 g0 202 g°0 90 0°'1 18°1 1%
peATAaNS 20 2°0 50 2°'0 99 0°1 18°1 e
*Sdy gy °Pp 90 $°0 90 0°0 29 0°'1 381 I
*S1y g9 °p 09 ¥°0 92 00 90 0°1 6L°T 1
UIXoJ 2UTTES *3y ut
81Insay 0pUZ-0XH *10t1s4yd BIoSTIUY perood  1ySrem  1taqey

BI2STJUY UTJIL10BTF ATX 9TqET



paATAIDS 00G60°0 90G2°T 59 0°0 18°1 0] §
peATAaANS 090G60°0 00G¢°T 90 0°0 8LT 6
pPOATAINS 00G0°*0 50G6e°0 99 01 6L 1 8
psatTAdunS 29G0°*0 00620 50 0°'T 18°1 L
PRATAINS 90 1°0 00 ¢°0 50 0°1 18°1 9
peAaTAaNS 29 1°0 00 ¢°0 00 0°1 6L°1 S
*sIY $8 °*p 20 2°0 %0 2°0 00 0°1 8L°1 14
*SIyg gL D 225 20 50 g0 290 0°'1 18°1 @
*SIY $3 P 20 0 20 0°'0 90 0°1 18°1 3
*say g1 P 00 $°0 09 00 20 0O°1 6L°1 1
uTxXoJ SuUTTES 3y ut
syjInsey opui-oxg *1ot1sdyd  easstTjuy pa100d 1uyStem  9T1AqQEY

2I9STIUY UTX040XT A¥Y o798l



paAtAansS 90G0°0 90621 99 0°0 08°1 01

paataans 00G0°*0 00G6¢°T 90 0°*0 18°1 6
peAtTaAaus 00G0°0 29G6¢°0 52 0°'1 08°1 8
paat1AInS 2960°0 22G¢*0 99 0°T 6L°1 L
peatTAaans 00 1°0 00 ¢°0 00 0°1 128°1 9
peATAIDS 90 1°0 20 ¢°0 50 0O°'T 8L°1 g
paATAaNS 99 Z*0 50 2°'0 20 0°1 18°1 14
P2ATAIDS 00 2*0 20 g°0 20 O°1 I8°1 @
*SdY ZL°P 99 ¥°0 90 0°0 55 0°'1 18°1 3
81Uy 09°Pp 90 $°0 99 0°0 92 0°1 31 1
uIxoyg 2urIeS By ut
sjTusay OpuUE~-0X3E *10154yd BI8sSIjUY pe100d TuStTom 11q98Y

eIosT1uy o8eydoTIe90Bg-UTX0M0XE TAX °oTqel



peATAITS 00G60°0 00GG"1 90 0°0 8L°1 O1

psATAJDS 99G0°0 00G¢°*1 90 0°*0 08°1 6
PRATAINS 95G60°0 00G¢°0 20 0°'1 €8°1 8
paATAINS 5950°0 50G¢*0 99 0°1 6L°1 .,
peATAInS 99 1°0 20 ¢°0 20 0°1 28°1 9
PoATAJINS 99 1°0 20 ¢°0 50 0°I P8°1 g
*SIY Z6 *P 90 2°0 90 3°0 09 0°1 08°'1 17
*sIy gL °*p 00 g°*'0 90 3°0 99 0°1 g8l e
*SJay 92 °p 50 ¥°0 59 0’0 09 0°1 28°1 et
*sSay 0g °*p 29 $°0 50 0°0 20 01 18°1 T
utxop 8UTT RS *8y urt
gyTuE8Yy 0puz~0Xx3 *101s4ud eIesSTIUY paTood  4uBtem  114q8y

exss1quy o8eydotasnoeqg peiltrdand ITAX eTqel



paATAInS 00G60°0 00621 00 070 ¢8°1 01
paatTAdnS 9060°0 00gg°1 92 0°0 I8°1 6
paATAINS 0060°0 22¢¢°0 99 0°1 ae°1 2]
PSATALNS 00G0*0 99g¢°*0 00 0°1 1 L
paATAInS 20 T°0 90 ¢°*0 20 0°'1 98°1 9
pPeATAINS 50 1°0 90 ¢°0 99 0°'1 Gs°1 S
*SdYy gL P 92 2'0 00 g2°0 00 0°'1 98°1 14
‘849 28 P 92 g*'0 99 g*0 52 0°1 78° T e
*SAY y2 P %0 $*0 50 0°0 00 0O°T1 L8*1 2
*SIY 2y ‘'p 20 $'0O 90 0°0 90 O°T e8°1 T
UTXOJ sutES *3y ut
gjiusay opuUT~0XE *10tsdyd BeI9sTluUY pel00d 1uStem 11qaey

8a98TlUY¥ UTX0M0pUF TITAX STqAElL



paataguns 90G0°*0 20G6¢°1 95 0°C 28’1 01
paAtTAdnS 9060°0 09G6¢"1 00 0°0 ¥8°1 6
peataxns 00G0°0 59G¢°0 20 0°1 ge’l 8
paATAILS 00G0°0 59G¢°*0 20 0°1 €81 2
pPaATAINS 29 1°0 29 ¢°*0 00 0°T 08°'T 9
psAIAINS 20 1°0 20 ¢°*0 90 0°1 i8°1 S
*sSay 69 °p 99 2°*0 20 Z*0 00 0°1 ¥8°1 v
*say gL °p 55 3°*0 90 g°0 90 0°1 18°1 e
*8IYy $Z °*p 20 $°0 %9 0°0 00 0°1 238°1 o
*sIy gy ‘P 90 ¥°0 50 0°0 00 0°1 y8°1 1
uTXog eutrTes "3y urt
s1Insay opug—-oxXg *101s4Udg BISSTAUY palood 1uStem 11998y

eIesTluUy @Feydoraeqoes XIX @Tael



peATAINS 00G0*0 00Ge°*T 09 0°0 21 21

peAaTAINS 05G0°0 09G62°1 02 0°0 2 11
poATAIUNS 29G0°0 55G¢°0 50 0°'1 8’1 o)}
paATAIuS 00G60°0 226¢*0 90 0T 8 1 6
peATAINS 20 1°0 20 ¢°0 00 0°1 Gg°1 8
peATAINS 59 1°0 90 ¢°0 20 01 eg°1 L
paataius 20 2'0 20 g°0 29 01 ¥8°1 9
psATAINS 20 2°0 20 2°0 20 C°*T1 38°1 S
p2ATAINS 20 $°0 29 0°*0 00 0°T1 ¥8°1 74
paataxns 20 $°'0 29 0°0 00 0°1 GR*'T e
paATAJINS 09 9°0 00 0°0 00 0T ¥9°1 o
*SIY 9/ °p 20 9°Q 20 0°0 00 0°1 28°1 1
uIxoyl sutrTes 8y ur
sqpTusay opug-oxdg  *Jototsdud BI®STluy patood  judtem  3rqaey

eI9SIjUY proxoroxig-afeydoraajoeg XY a1qe]



D1SCUSSION

This study was instigated primarily by the fact that
Larkum had demonstrated that a staphylococcus bacteriophage,
although it was not toxic, would stimulate in the rabbit
the production of antitoxin. Inasmuch as the injection of
Shigella bacterin into an animal causes marked toxic effect,
it was hoped that Shigella bacteriophage would be non-toxic
and still capable of stimulating the producticn of antitoxin.
Such an immunizing agent would be of consideracle value in
the control of dysentery.

A bacteriophage was prepared for Shig. dysenteriae

strain 8. This material was injected into rabbits daily for

7 days and weekly for 12 weeks (Table® I11). The bacteriophage
was injected in 1lOcc doses through the entire pericd. The
animals showed little or nc toxic effect from the injections.
The bacteriophage antisera were tested against a known exoioXin

(Table VIII and IX), and were found to contain no antitoxin.

A second bacteriophage was prepared from Shig.dysenteriae
strain 18. This bacteriophage in contrast to the first prepar-
ation showed marked toxic effect. The material had a k.L.D.

of 4cc for a 2 Kg. rabbit,



determined. Accordingly bacterins, endotoxins and exotoxins
were prepared. These antigens were tested on rabbits in the
same manner (Table XII).

The approximate values of each antigen in protective
urits are pressented in TablesXIV, XV, AVIIl1 and XIX. The
relative values were as follows:

Bacterin . . . . . . . . . . 2
Exotoxin . . ¢ » . . . . . . 1
Endotoxin . . . . . . . . . 1
Bacteriophage. . . . . . . . 2

To obtain the toxicogenic effect of the endotoxin con-
tained in the bacteriophage and the exotoxin prepared from
culture filtrates, mixtures of the two were prepared. The
injection dose of this mixture was limited due to the toxic
nature of both substances. The preparation of the anti-
sera is shown in Table XII.

To reduce the toxicity of the above mixture, a bacter-
iophage-exotoxoid mixture was prepared as previously outlined.
Antisera for this material was prepared as shown in Table XII.

These antisera were then tested against exo-endotoxin to
determine their relative protective values. The results are
presented in Tables XVI and XX. The relative values of these
mixtures were as follows:

Bacteriophage-exotoxin . . . .Z

Bacteriophage-exotoxoid . . .5



In the preparation of this bacteriophage, the Shigella
culture was allowed to develop 8 hours before the addition
of the bacteriophage. Later tests showed that when the
culture was allowed to develop for 24 hours prior to the
introduction of the bacteriophage, a very toxic filtrate
was obtained. 1In all instances, the filtrates from strain
18 showed marked toxic effects. To eliminate the toxiec
effect of fresh "green" bacteriophage, the filtrates were
aged in the refrigerator for pericds as long as 18 montihs
without any material diminution of toxicity. Exotoxin pre-

pared from this szme strain of Shig. dysenteriae retained

its toxicity for 18 months in a similar manner.
The data indicate that the production of tacteriophage
with toxic properties is dependent upon the toxic properties

cf the Shig. dysenteriae strain used. Shig.dysenteriae

strain 8, which failed to show toxic efiects, failed to show
toxicogenic proverties. On the other hand, a toxic strain
(strain 18), when lysed, produced a toxic bacteriophage which
had marked toxicogenic properties. 1t would aprear from
these data that the toxicogenic properties of Shigella bact-
eriophage were dependent upon the toxin content of the fil-
trate.

To arrive at an evaluation of the toxicogenic value
of bacteriophage prepared from strain 18, toxicogenic values

of bacterins, endctoxins and exotoxins of this strain were



It will be observed from these data that the bacterio-
phage-exotoxoid, although injected in the same amounts as
the bacteriophage-exotoxin, produced considerably more pro-
tective units. Not only was the bacteriophage-exotoxoid
more antigenic¢ in the stimulation of antitoxin, but its
injection was attended with considerably less toxic effect
during the course of immunization. The injection of the
equivalent of 2 M.L.D, doses of bacteriophage-exotoxin in
the form of the bacteriophage-exotoxoid failed to show any
toxic effects.

Due to the fact that bacteriophage contains considerable
extranenoug material from the broth and the lysed bacterial
cells, it was thought advisable t¢ purify the bacteriophage
to be sure that these products and compounds might not in-
terfere with the antigenic properties of the bacteriophage.
Accordingly, purified bacteriophage was prepared. This mat-
erial was injected into rabbits as indicated in Table XII.
The antiserum was tested against exo-endotoxin. The results
are presented in Table XVII. The relative protective value
was the same as that obtained with the unpurified material
indicating that the purification did not change the antigenic
value.

The agglutinogenic and toxicegenic properties of the var-

ious immunizing agents did not parallel each other. For



example, in Table XII the endotoxin showed an agglutination
titre of 1 to 5000 and a antitoxin titre (Table XVIII) of 1,
whereas the bacteriophage-exotoxoid (Table XII) showed an
agglutination titre of 1 to 60 and an antitoxin titre of

5 (Table XX).



SUMMARY

The toxicogenic value of bactericphage appeared to be

dependent upon the toxicogenic value of the Shig. dysenter-

iae strain used in the preparation of the bacteriophage.

There appeared tc be no evidence that bacteriophage
in itself had toxicogenic properties.

Bacteriophage appeared to be of value as an agent for
the liberation of endotoxin and possibly exotoxin through
the ability to lyse the bacterial cells.

The aging of bacteriophage filtrates did not decrease
its toxic properties.

The agglutinogenic properties of the bacteriophage,
exotoxine, endotoxins, and bacterins do not parallel the
toxicogenic properties.

A toxoid preparation of bacteriophage-exotoxin was
found to be the best means of producing antitoxin.

The toxicogenic value of purified bacteriophage was
the same as the unpurified bacteriophage.

The procedure outlined in this research for the pre-
paration of bacteriophage-exotoxcid appears to offer a

practical means for immunization against Shig. dysenteriae

toxin.
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