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Abstract:

Clostridium perfringens epsilon toxoid is used for the immunization of sheep against enterotoxemia. It
is produced commercially in the form of formalinized broth cultures which may or may not be treated
with trypsin before formalinization. Treatment with trypsin converts the almost non-toxic epsilon
prototoxin, the form in which the bacteria produce this substance, into the highly toxic epsilon toxin.
Toxoid prepared from the trypsin-activated toxin is more highly antigenic than is toxoid prepared from
prototoxin. Unfortunately, treatment with trypsin reduces the ability of toxoid to combine with
antitoxin, a property that is used to evaluate commercial preparations of toxoid. This inability to use an
in vitro test for the evaluation of ah apparently superior commercial product has prevented the use of
bacterins prepared with trypsin activation. The present investigation was designed to get some
information about the combination of epsilon antitoxin and toxoid and to study the factors involved in
present methods of testing.

Dried Clostridium perfringens Type D Standard Toxin, Toxoid and Antitoxin were obtained from the
Animal Inspection and Quarantine Division, Agricultural Research Service, United States Department
of Agriculture. Type D diagnostic serum, with a known amount of the various antitoxic fractions, was
obtained from Burroughs Wellcome Co. Twelve Clostridium perfringens Type D strains were used to
produce broth cultures in liter amounts. The cultures were divided into five fractions as follows: (1)
whole culture, (2) whole culture formalinized, (3) whole culture trypsin-activated and formalinized, (4)
Seitz filtered, and (5) Seitz filtered and trypsin-activated.

The various culture fractions were reacted with Wellcome serum using single diffusion and double
diffusion in agar. A non-specific line of precipitation was obtained as well as a specific line of
precipitation to the epsilon antitoxin when epsilon toxin was able to react with it at optimum
proportions. The most discrete lines of precipitation were observed with 0.2 percent to 0.3 percent
Wellcome serum in the agar, incubated at refrigerator temperature, and observed frequently after 60
hours incubation. Lines of precipitation did not form when materials which had been trypsin-activated
and formalinized more than approximately two months were reacted with Wellcome serum nor when
materials were reacted which had been trypsin-activated approximately six months. Materials
formalinized for approximately six months produced only indistinct lines of precipitation. The loss of
ability of toxin and antitoxin to form lines of precipitation correlated with the loss of ability of the toxin
and antitoxin to combine, as measured by a combining power test in which mixtures were injected into
white mice intravenously.

Avidity tests, which measure the firmness of combination of toxin and antitoxin, were carried out on
Standard Toxin and Antitoxin (United States Department of Agriculture), Wellcome serum and two of
the broth cultures which when trypsin-activated contained considerable amounts of epsilon toxin. All
materials tested demonstrated a high degree of avidity.

Combining power tests were made In which combination of Standard Antitoxin and Standard Toxoid
were compared when the concentration of reacting materials were at low levels and high levels. These



comparisons demonstrated that combination occurred much better when high concentrations of
reactants were used. Since Standard Toxin and Standard Antitoxin were known to be avid it would
appear that Standard Toxoid is not avid so that it dissociates from the Standard Antitoxin in higher
dilutions.
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ABSTRACT

Clostridium perfringens epsilon toxoid is used for the immuniza-

tion of sheep against enterotoxemia. It is produced commercially in the
- form of formalinized broth cultures which may or may not be treated with
trypsin before formalinization. Treatment with trypsin converts the al-
most non-toxic epsilon prototoxin, the form in which the bacteria produce
this substance, into the highly toxic epsilon toxin. Toxoid prepared
from the trypsin-activated toxin is more highly antigenic .than is toxoid
prepared from prototoxin. Unfortunately, treatment with trypsin reduces
the ability of toxoid to combine with antitoxin, a property that is used
to evaluate commercial preparations of toxoid., This inability to use an
in vitro test for the evaluation of ah apparently superior commercial
product has prevented the use of bacterins prepared with trypsin activa-
tion. The present investigation was designed to get some information
about the combination of epsilon antitoxin and toxoid and to study the
factors involved in present methods of testing.

Dried Clostridium perfringens Type D Standard Toxin, Toxoid and
Antitoxin were obtalned from the Animal Ihspection and Quarantine Divi- -
sion, Agricultural Research Service, United States Department of Agri-
culture. Type D dlagnostic serum, with a knowh amount of the various
antitoxic fractions, was obtained from Burroughs Wellcome Co. Twelve
Clostridium perfringens Type D strains were used to produce broth cul-
tures in liter amounts. The cultures were divided into five fractions as
follows: (1) whole culture, (2) whole culture formalinized, {3) whole
culture trypsin-activated and formalinized, (4) Seitz filtered, and (5)
Seitz filtered and trypsin-activated.

The various culture fractions were reacted with Wellcome serum
using single diffusion and double diffusion in agar. A non-specific
line of precipitation was obtained as well as a specific line of precipi-
tation to the epsilon antitoxin when epsilen toxin was able to react with
it at optimum proportions. The most discrete lines of precipitation were
observed with 0.2 percent to 0.3 percent Wellcome serum in the agar, in-
cubated at refrigerator temperature, and observed frequently after 60
hours incubation., Lines of precipitation did not form when materials
which had been trypsin-activated and formalinized more than approximately
two months were reacted with Wellcome serum nor when materials were re—
acted which had been trypsin-activated approximately six months. Materials
formalinized for approximately six months produced only indistinct lines
of prec1p1tatlon. The loss of ability of toxin and antitoxin to form lines
of preclpltatlon correlated with the less of ablllty of the toxin and anti-
toxin to combine, as measured by a combining power test in Whlch mixtures
were injected into white mice intravenously.

Avidity tests, which measure the firmness of combination of toxin
and antitoxin, were carried out on Standard Toxin and Antitoxin (United
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States Department of Agriculture), Wellcome serum and two of the broth
‘cultures which when trypsin-activated contained.considerable amounts of
epsilon toxin, All materials tested demonstrated a high degree of avidity.

Combining power tests were made in which combination of Standard
Antitoxin and Standard Toxoid were compared when the concentration of
reacting materials were at low levels and high levels. These comparisons
demonstrated that combination occurred mich better when high concentra-—
tions of reactants were used. Since Standard Toxin and Standard Anti-
toxin were known to be avid it would appear that Standard Toxoid is not
avid so that it dissociates from the Standard Antitoxin in higher dilu—
tions. '




CHAPTER ¥

INTRODUCTTON

Clostridium perfringens Type D was first described by Wilsdon (1931,

1932) and Bennetts (1932). They found it to be the cause of enterotoxemia,
a disease characterized by the production within the intestine of the in-

fected animals of Clostridium perfringens epsilon toxin which‘is subse-

quently absorbed into the blood stream. Bosworth and Glover {1934~35) were
puzzled by the fact that although the bacteria they recovered from thse in-

testine in cases of this disease apparently produced this toxin ig;vivo,

cultures in the laboratory were only slightly toxic., Further investiga-
tion demonstrated that the aédition of intestinal contents to culture -
fluid increased the toxicity of the latter some forty times. Bosworth and
Glover further demonstrated that this increase in toxicity was caused by
the proteolytic action of the trypsin in the intestinal contents. Similaf
activatién was carried out in vitro not oniy with trypsin, but also WithA
pepsin, papain of other proteolytic enzymes. It was apparent, then, that
the bacteria. produced a relatively non-toxic substance designated "éfo—
totoxin® by Turner and Rodwell (1943) which could bé converted to a rela-
tively active toxin by the action of any of a number of proteolytic én— |
Zymes.,

Epsilon prototoxin and epsilon toxin differ ih a number of charac-
te;istics, Turner and Rodwell (1943) pointed out that the prototoxin was
quite resistant to heating, being able te withstand 70° €. for 15 minutés°

Epsilon toxin, on the other hand, was destroyed by being heated for 15
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minutes at 70°.C. Moreover the effect of formalin on the ability of proto- .

toxin and toxin to cembine with antitox@n is different for Schuchardt and
Munoz (1957) found that trypsin-activated toxin, after treatment with |
formalin, was no longer able to combine with antitoxin whereas prototoxin
after treatment with formaliﬁ still possessed this ability.

x Such inability of an antigen to combine with the antibody to which
it gives rise is unique in the field of immunology and raises several
problems of a theoretical nature. It raises some practical problems also,
for it renders it impossible to use a combinipg power test in the evalua-
tion of immnhizing agents prepared for the production of epsilon antitoxin

or for the prevention of Type D Clostridium perfringens enterotoxemia in

sheep, cattle and goats. The use of an immunizing agent prepared from
prototoxin aétivated by trypsin is desirable, for several workers (Batty
and Glenny, 1948, and Smith and Matsuoka, 1954) have pointed out that the
trypsin activation gf prototoxin markedly inereased the ability of the
material to elicit antitoxin, |

‘ Combining power tests were first used for the evaluation of the

probable immunizing potency of Clostridium perfringens Type D culture

filtrates by Baldwin, Frederick and Ray (1948). They were working with
toxoid ﬁreparations that had been prepared from hon-activated cultures
and concluded that such a method of evaluation ﬁas satisfactory,

The present studies were initiated to investigate some of the féc—

tors involved in the reaction between Clostridium perfringens epsilon

antitoxin and toxoid or texin in an effort to obtain some understarding

of the apparently anomalous situation in which an antigen does nhot com-—
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bine with its antibody. ©Studies also were made in an effort to modify the
combining power test so that it could be used with toxoid produced either

/7
from non—activated or activated toxin.




CHAPTER II
MATERTALS AND METHODS

A, TDEFINETTONS ADOPTED

Throughout thié paper a number_of_tgrms.will be used. The defini-
tions of the terms used are similar te thd$§ of Biological Products Sections
(4), Animal Inspection and Quarantine Division, Agricultural Research Ser—
vice,

1. Activated Standard Toxin: Standard dried toxin as issued by
Animal Inspection qnd Quarantine Div}sion regoﬁstituted appropriately and
" treated with trypsin for 45:minutgs at 37° C. or activated standard drie&
toxin appropriately recenstituted.

2. Mini%um Lethal Dose (M.L.D.): The smallest quantity (weight)
of Activated Standard Toxin which, when injected intravenouslya kills 80
per'cent or more Swiss albino mice Weighing_l6 to 20 grams each. The test
period is 48 hours and a minimum of 5 mice are used in each test group.

3. Toxin Indicator Dose (T,I}DQ):_ Thg smallest quanti%y of
Activated Standard Toxin which, whgn mixed_with any given amount of ap-
propriately diluted and combined standard bacterin and standard antitoxin,
will cause 80 per cent or more of test mice inoculated intravenously to
die within 48 hours.

4. Combining Power Unit (C.P.U.): One-tenth of the smallest
quantity of bacteriﬁ which when incubated for 1 hour at room temperature

with 10 units of antitoxin will neutralize that antitoxin to the:-extent
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that the addition of 10 T.I.D.'s of activated toxin results in a mixture
lethal to at least 80 per cent of test mice within 48 hours following in-

travenous injection.

B. MSTANDABD MATERTALS

1. Standard lyophilized Clostridium perfringens’ Type D Téxin,

Antitoxin and Bacterin were supplied by Animal Inspection and Quarantine
Division in vials under éacuum. _After opening and release of vacuum all
dried standards were stored in vacuo over (a3Q, except when used to pre-—
pare standard solutilons.

During the course of these studies two series of Standard lyophil-
ized materials were provided. Standard Toxin Series (a) as issued was not
trypsin-activated; Series (b) was trypsin-activated. |

a. Standard Toxin
Series (a) (not trypsin-activated) Lot A-4
M.L.D., (80%+) 0,013 mg.
g T.T.D. o Of048 mg.

Series (b) trypsin-activated) Lot TI-A S

Lo 0.0740 mg.
L+ 0.1000 mg.
¥.L.D. 0.003 mg.
T.T.D., 0.02L - 0.028 mg,

b. Standard Antitoxin
Series (a) Lot TII
Contents contained 400 U.S..units per ml. when

restored with 5 ml. distilled water,
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Series (b) Lot Iv-A
Contents contained 330 U.S. units or 36 Inter—
national units when restored with 5 ml. distilled
wateri
Co Standarq Toxoid
Series (a) Lot IT-Af
1 C.P. unit - 0.0165 mg.
Series (b)
1 C.P. unit - 0.022 mg.

2, Diluent: All dilutions were carried out using diluent having

the following compositions

Bacto-Peptone (Difco) - 1.0%

NaCl (C.P.) _ - 0.25%

Distilled Water, q.s. - 100.0%
PH 6.8 - 7.2

Autoclave 15‘minutes at 15 pounds steam pressure (1210 C.).
C. ACTIVATING TRYPSIN

From the beginning of these studies in S?ptember, 1960, until June

1, 1961, trypsin used was produced by‘Nutritional Biochemical Corporation \
(1~300; purchased in 1958). After this supply of trypsin was exhausted,
from June 1, 1961, until the termination of these studies July 5, 1961,

Difco Certified Trypsin (1-250 Control 448347) was used.

o

Activating trypsin, 0.25 per cent was always prepared by adding 0,25

gram trypsin to 10 ml, Bacto-Peptone diluent in a screw-capped tube which
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was placed in warm water and mixed until the trypsin was dissolved. This

solution was added to the toxin to be activated in the proportion of 1:10.
D. STANDARD PREPARATIONS

L. Activated Standard Toxin Solution

After opening the vial of Standard dried toxin, or_after removing
from~the~vacuum storage dessicator, a minimum of 40-50 mg, wés quickly but
accurately weighed, transferred to a flask and diluted to voiume with dilurk
ent. Diluent for Standard Toxin Series (a) contaiﬁed 0,25 per cent Trypsin
{Nutritional Biochemicals Corporation 1-300 purchased 1958) with toxin of
this series being incubated at 370 C. for 45 minutes. The final concen-—
tration of dried toxin was 1.0 mg. per ml, Upon completion of activation
of Series (a) or appropriate dil@?ioﬁ of Series (b) the solution was
divided among a number of small screw-capped tubes and stored at approxi-
mately -16° C. This frozen toxin was used up to four weeks after prepara—

tion. Once thawed it was not refrozen for future use.

2. Standard Antitoxin Solution

Contents were restored according to directions on the label using
5 ml, of distilledlwater. This restored antitoxin was further diluted to
obtain a solution containing 10 antitoxin units per ml. This solution was
distributed into screw-capped tubes and stored at aﬁproximately -160 C,

This frozen antitoxin was used up to one year after preparation.

3. Standard Bacterin Solution

A minimum of 40-50 mg. was quickly but accurately weighed and dilu?éd ’
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to contain 10 C.P.U. per_mlf_ This sqlution was_distributed into screw-
capped tubes and stored at approximately -16° C, This frozen bacterin was
thawed and used up to one month after preparation. Once thawed it was not

refrozen for future use.
E. CULTURE MEDIA

Toxin Run 1
The medium used in this experiﬁept consisted of Bacto-tryptone 3
per cent, trypticase 1 per cent, yeast extract 1 per cent, and approxi- -

mately 0.005 per cent magnesium sulfate. The pH was adjusted to 7.4 -

7.6 and the medium was sterilized by autoclaving for 25 minutes at approx- |

imately 121° C. One-half per cent glucose was added in the form of a

sterile 10 per cent solution shortly before inoculation.

Toxin Run 2

The medium used in this expgrimgnt‘consisted of trypticase 3 per
cent, yéast extract 1 per cent, small amounts Qf ground beef muscle, and
approximately 0.005 per cent maghesium sulfate. Tﬁe pH was adjusted to
7.4 » 7.6 and the medium was sterilized by‘auﬁoclaving for 25 minutes at
approximately 121° C, One-half per cent glucose was added in the form of

a sterile 10 per cent solution shortly before inoculation.

F. CULTURES

Thirty stock cultures of Clostridiqm perfringens Type D were tested'

for toxin production. These stock cultures were furhished by Veterinary
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Research Laboratory, Agricultural Experiment Station, Montana Staté Col~
lege. They had been obtained from pathological specimens submitted for
diagnosis and organisms from all ;elected stock cultures produced consid-
erable epsilon toxin. With the exception of one stock culture obtained
in May, 1960, they had not been transferred for two to four years. They
had been maintained in a brain-egg-liver broth infusion stock culture
med ium,

The results of preliminary tests of toxin production of these cul-
tures after trypsin activation indicated that strains 5431, 5639, 6778,
6779, 7070, 7071, 7072 and 7738 produced more than ten thousand mouse
M.LoDots per ml, 'These strains were then used in further attempts to pro-
" duce broth cultures which could be trypsin-activated with a resultant high
level of epsilon toxin,

After testing and selection o£ the eight strains considered to be
potentially most toxigenic serial transfers of each were made into tubes
containing 10 ml., of fresh medium at intervals of a few hours and incu-
bated anaerobically until the organisms appeared to be multiplying very
rapidly. Apparent mhl%iplication was based upon the devélopmént of
turbidity and active gas production., Contents of tubes' were then inocu-
lated into 100 ml., amounts of fresh medium in 125 ml. Erlenmeyer flasks
which in turn, after incubation and evidence of rapid growth, were used
as inocula for liter amounts of medium,

Incubation was carried out in a water bath at 37° C. without an-
aerobic precautiﬁns. The pH of the culpures was checked as soon as active

gas production was evident and readjusted to approximately 7.8 at 60-90
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minute intervals using 1 N. NaOH which was added slowly with a minimum of

stirring of the cultures. After 10 hours incubation when active gas evolu--

tion had nearly ceased, the pH was adjusted to 7.8 and the cultures were
placed in the walk-in refrigerator at approximately 46°‘F. (app. 4° C.).

" It was noted that any attempt to rea@just the pH of .actively grow-—
ing cultures above 7.8 resulted in a rgpiq cessation of apparent growth
with no recovery even after six to eight hours of additional incubation.

Testing of actiyated samplgs of material from each of the flasks
of Toxin Run 1 by dilution and intravenous injections of 0.3 ml. amounts
in mice revealed that only Strain 6778 produced more than 8000 mouse

M.L.D.%s per ml, i

Toxin Run 2 was initiaﬁgq uﬁing essgntial}y the. same proceduré as
in Toxin Run 1 to obtain rapidly growing organisms using 10 per cent cul-
ture inocula. Ihcubation was carried ogt without anaerobic precautions
in water baths at 35° C. Evidence of active gas evolution had nearly
ceased after approximétely 12 hours incubation. The pH of the cultures’
was checked and readjusted to 7.6 - 7.8. The cultures were left in the
water bath overnight. The followiqg morning the cultures were removed
f?om the water bath and the pH rechecked and found to be still in the 7.6 -
7.8 range. )

Trypsin actiwation of samples of Toxin Run 2 cultures along with
appropriate dilution and intravenous iﬁjection in 0,3 ml. amounts in white
mice revealed that toxins of Strain 5431 produced more than 6600 mouse

M.L.Da's per ml.; Strain 6778 more than 8250 mouse M.L.D.'s per ml,;‘éhd

t
Strain 6779 more than 9900 mouse M.L.D."$ per ml.
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. In Toxin Run 1 produced September 23, 1960 liter amounts of whole
culture materials were prepared from Strains 5639, 6778, 6779, 7071, 7072
and 7738; with Toxin Run 2 produced October 5, 1960 Strains 5431, 5639,
6778, 6779, 7070 and 7071 were used.

Samples of each cu}ture fluid from these runs were treated five

different ways, as followss

Fraction E -~ appfoximately 400 ml., held as whole culture material
at refrigerator temperature (400 F.).

‘Fraction IT - approximatéely 200 ml. treated with formalin to give
a final concentration of 936 per cenﬁ and stored at
350 C., for about two weeks; then placed in refrigera-
tor.

Fraction IIT - approxim;tely 200 ml._whole culturg material treated
with trypsin at 359 C. for approximately four hours,
then formalin added to give a final concentration‘of
0.6 per cent, the mixture stored at 350 C. for approx-
imately‘two weeks s then placed in refrigerator.

Fraétion IV - approximately 100 ml. whole culture Seitz filtered at
room temperatﬁre and then placed in the refrigerator.

Fraction V - approximately 100 ml. Whole'culture Seitz filtered gtl
room temperature, trypsin-activated approximately 4
hours at 35° €. and then placed in the refrigerator.

Fractions IT and ITE were checked after approximately two weeks in-—

cubation at 359 C. for completeness of toxoiding by injecting white mice

with 0.3 ml., of trypsin-activated culture fluid intravenously. No deaths
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resulted. Also, sterility was checked by inoculating tubes of Thiogel med- .
ium to which 0.5 per cent agar had been added and incubating anaerobically

for two weeks. No growth resulted.

G. ANTTTOXIN PREPARATIONS

1. Clostridium peyfr;pégng Type D diagnostic serum produced at
the Wellcome Research Labgratgriesa Beckenham, England. This was of
equine origin and contained 0.35 per cent cresol. In preliminary work
antitoxin marked K2085 with an expiration date of May 1, 1962 was used. .
Antitoxin marked K2319, with an expiration da%e of October 1,-1962 and
containing antitoxic values of 16 alp@a units per ml., less than 0.5 beta.

and iota units per ml. and 1000 epsilon units per ml. was used.

2, Three different lots of Clostridium perfringens Type D anti-
toxin secured from commercial veterinary producers. Thesé were of equine -
origin. |

3. Fowl Sera: One hundred {nl.° amounts for immunization were with-

“drawn from bottles contalning p?gvioqsly prepared whole culture from Run

1 of Strain 6778 and Run 2 of Strains 6778 and 6779, These materials were:
centrifuged, Seitz filtered, trypsin—act@vaﬁed at 35° C. for approximately
two hours, formalinized to give a final.congentration of 0.4 per cent and
stored eight days at 35° C. Tests for toxicity were then performea on
each of these materials using intravenous iﬁjection of 0.3 ml, amounts’
into white mice. No mice died.

A portion of these materials were mixed with equal parts of an ad-

juvant composed of approximately 80 per cent light mineral oil and 20 per
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cent emulsifier (Arlacel A). These mixtures were then forced three times
thru a sterilized homogenizer.

Each of these three toxoid-adjuvant mixtures was used to immunize
White Leghorn hens weighing fiveﬂpo six pounds. The first injection con-
sisted of 1 ml, intravenously of tgxoiq filtrate_plus 1 ml. intramuscularly
of toxoid-adjuvant. BEighteen days later a booster injection of 1 ml, of
toxoid-adjuvant was given intramuscularly,

Twelve days follewing the bodéter injection the fowl were anesthe-
tized with 0.75 to 0.8 ml, of Na peptpbarbital and bled aftef reflecting.
the skin over the right jugular vein and severing the vein. Fifty to
seventy five ml. of whole blood was collected by this method from each -
bird. One bird died before bleeding and blood from a second was rejected
due to extensive lesions of undetermined origin being evidgnt on post~—
mortem. The sera collected was preserved with Merthiolate (Thimerosal -

N. F. Lilly) 1:10,000.

H. PRECIPITIN REACTIONS IN GELS

Both single and double diffusion precipitin reactions were carried
out using DPifco Purified Agar and Specilal Agar-Noble; Baltimore Biologieal
Laboratories K-Agar and Consolidated Laboratories_"Ibnagar",No. 24

Agar media were placed either in new 90 mm. X 15 mm. petri plates
or new 90 mm. quadrant plates. Plexiglass dies were constfucted with
holes drilled in various sizes to accomodate various size cork borers at

various distances from one another. The pattern of a central well surrounded
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by six wells equidistant from one another as well as from the central cup
was followed. In eér}y_work the bottoms of the cups cut by the cork borer
were sealed with agar; in later work 1 per cent Formvar (Shéwinigan Products
Corporation, 350 Fifth @vgque; New‘York;City) in ethylene dichloride was
used. The plates were coated by floodipg ﬁhem and éfter being dried a
few minutes were flamed to remove any excess. The Formvar solution was
prepared freshly each day.

Merthiolate (Thiomersalij N. F. Lii;y) 1:10,000 was incorporated
into all agar preparations as otherwise bacterial growth from whole cul-
ture materials rapidly oﬁsgured lings éf prgcipitation.

Incubation was carried out in ah‘atmosphere of relatively high
humidity. Preliminarf tests for bptimal conditions were carried out with
identical cup charges_at 350 €., room temperature gnd refrigerator temper-

ature. It was determined that observgtions on reactions carried at 35° C,

should be started at 18 hours; on reactions at room temperature at 36 hours;

and on reactions at refrigerator_temperature at 60 hours. TFrequent ob-
servations after these periods of time allowed photographs to be taken,,‘
when the lines of precipitation were most discréte; The results of several
comparatije runs indicated that the most discrete lines of precipitation
occurred when the reaction proceeded at refrigerator température.‘ This

may be due to the fact ﬁhat by this method both temperature and humidity

may best be maintained quite uniformly throughout the reaction period.

F. TIMMUNODIFFUSION ON CELLULOSE ACETATE DISCS

Tmmunodiffusion under oil with the antigens and antisera placed on
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cellulose acetate filter membranes 5 centimeters in diameter was carried
out essentially as outlined ip @he pgm@hlat "Electrophoresis With Cellulose
Acetate Strips" supplied by Consolidated Laboratories, Inc., Chicago
Hei:ghts, Illinois.
Upon completion of the diffusion the membranes were cleared and

stained.




CHAPTER IIT
EXPERIMENTAL

A, PRECTPITIN REACTTONS IN GELS

Experimental analysis of single and dpuple_diffugion'reactions in
gels were used in an effort £o evaluate the ﬁaétors responsible for the
inability of trypsin trgateq toxoids to_neut;alize antitoxin. This tech-
nique also was used to try to qharactg;ize the various antigeﬁic fractions}
contained in the whole cultures_and f;ltratgs of culture Runs 1 and 2.

| Gel diffusion studigs were started approximately-ten weeks after
the production of cultu?es. Comparisong of the disappéarance of the area
of antigen-antibody reaction surrounding charged antigen cups, in experi-
ments when antiserum was contained in the agar, are based upon the area
of reaction seen when like materials were initiall& reactéd.
Preliminary experiments using single diffusion in gels démonstraéed

that the optimal concentration of Wb}lcome Clostridium perfringens Type D

antiserum in agar was 0.2 - 0.3 per cent (Figures 5 and 8). This concen-
tration best elicited antigen-antibodies reactions when whole culture
trypsin-activated antigens of Run 2_w¢re placed in the cups. One well-
defined line of precipitation appeared along with slight amounts of pre-
cipitate in the agar in the area between the line and the cup (Figures 5
and 8). Less defined lines of precipitation were noted when O.l per Ceﬁt
and 0.5 per cent (Figures 6 and 7) antiserum was incorporated, with the

line of precipitate not being visible when 0.05 per cent Wellcome anti-
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serum was used (Table I).

Using 0.3 per cent Wél}come antiserum in K-Agar correlation was
evident between the toxin content of activated materials of Run 2 Strains.
5431, 6778 and 6779 and the distance between the line Ff precipitation and!
the antigen charged cups. _ o ' N

'Lines of precipitation were no?ed around cups charged with Run 2
trypsin-activated materiais of Strgiq$ 543}, 6778 and 6779 from Fractions
I, IT, IV and V., TFraction V materials were Seitz filtered and trypsin-
activated 25-26 days with l%nes of precipitation still evident. Fraction
ILI was whole culture matefial both trypsin-activated and formalinized ’
for 53-54 days_with lines of Preeipitation pot evident. Lines of preeipi-
tation preduced by whole cultures of Styaing 543L, 6778 and 6779 Toxin ﬁun
2 reacted with 0.3 per cent WEl;come antiserum in agar disappeared as |
follows: (1) completely in approximately two months after being trypsiﬁ—
activated and formalinized, (2) completely in approximateiy six months
after being trypsin-activated but not formalinized, (3) after approximately
six months lines of precipitation which were not discrete were still evident
with formalinized materials, (4) after approximately six months slightly
decreased lines of precipita@ion were_evident with Seitz filtgred materiéls,’ A §
and (5) after approximately six months no apparently decreased lines of
precipitation were evident with whole culture materials.

Pictures were taken of some plates showing the lines of precipita-

tion. These lines were discrete but not prominent. However, it was found
to be possible to demonstrate these lines by contact printing on photo-

graphic paper.
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Preliminary work using the double diffusion gel teéhnique attempted
to evaluate the merits of three types of agar (Tonagar, Noble and Purified)
upon incubation at 35° C., room temperature and refrigerator temperature.
Fraction I of Run 2 antigens 5431, 677? and 6779, undiluted and diluteq
1:2 and l:4, were reacteq agaiggt Wbl%come serum, undiluted and diluted
1:2 and l:4. The majority of the plates, after appropriate incubation
periods, showed one rather heavy line of precipitate closely surrounding
the central sera cups. The pattern was the same at all antigen dilutions,
but the line of precipitation was weak in those plates in which the serum
cup was charged with Wellcome serum in l:4 dilution.

Further work was initiated po‘determine if the line of precipitate
seen was hon-specific due to some fac@or in the serum. Control plétes
with cups charged with undiluted Wellcome serum,‘the three commerecial sera,
and the fowl sera showed one line of precipitate whicp was noph-specific
since no antigens were reacted with the sera. It was found that with -
Wellcome serum the hon-specific line of precipitate was considerably -
diminished at a dilution of 1:10 bu@ was still evident at a dilution of
1:1000 (Figure 2). Control plates charged with activated, undiluted
materials from all five fractions of Strains 5431, 6778 and 6779 showed
no lines of precipitate. )

Agar was poured intq petfi plates divided into quadrants. Cups
were cut in the agar of each quarter s0 that the central cup was surrounded
by six outer cups, all of which were equal distance from one another,
Quadrants were desighated in clockwise ordgr, as Number 1 to 4 respectively.

Cups in each quadrant were designated, in clockwise order, as Number 1 to 6
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respec£ively {(Figure 1 — Sketch). The central cup of two quadrant plates
were charged with Wellcome serum, in a similar manner, so that Quadrant
Number 1 contained Wellcome serum undiluted; Quadrant Number 2 Wellcome
serum diluted 1:10 with pormal salineg andrapt Number 3 Wellcome serum
diluted 1:100 and Quadrént Number 4 Wéllcome_gerum diluted 1:1000.,  Using
Run 2 of Strain 6778 the outer cups of‘eacp quadrant of one plate were
charged Numbers 1 to 5 respectively with undiluted Fractions I to V. ’
Numbep 6 cup was left empty in each guadrant. The outer cups of each
quadrant of‘ﬁbe second plate were charged Numbgrs 1l to 5 respectively With
a 1:10 dilution of Ffactions I to V. Two additional series of two platés
each were charged in similar manner except that in one series Run 1 of
Strain 6778 was used; in the other series Run 2 of Strain 6779. This ex-
periment as outlined was then repegted With_fowl sera being used in place
of Wellcome serum to charge the central cups of each quadrant.

In plates in which quadrants A to D contained respectively-undiluted
antigens and antigens diluted 1:10, lglOO and 1:1000 and Wellcome serum
in the respective central cups was undiluted and dilutedilflo, 1:100 and
1:1000 quadrant C showed quite discrete double lines of precipitation. It
would thus appear that the ratio of antiggn to antibody in quadrant C was
oﬁtimum. Quadrants B and D also contained double lines of precipitation,
but they are not discrete (Figure 2). Quadrant A exhibits only & non-
specific line of precipitation. In plates with fowl sera in the eentral
cups quadrant B of Figure 4 showed heavy double lines of precipitation,
which could not be demonstrated, however, in the photogrgph. Figure 3

shows heavy non-specific lines of precipitation. All plates were incubatéd
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in the refrigerator under similar conditions‘of temperature and humidity.
Wellcome serum was titrated and known to contain 1000 epsilon units per
ml. and only 16 alpha units per ml. Double lines of precipitate were evi-
dentronly in those quadrants containing an apparent optimum ratio of
antligen to antibody with discrete lings being evident in different quad-
rants as the ratio of antigen to ahtibody was changed. It was believed
that the second line of précipitate was due to the epsilon fraction, in
the activated antigen materials, reacting with the high epsilon antitoxic
fraction in the Wellcome serum.

Confirmation that only one line of precipitate would form, dus to
the reaction of the epsilon antigen and the epsilop antitoxin in Wellcome
serum, was sought by use of the ;mmﬁnqdiffusion technique. Undiluted
Wellcome serum was reacted with undiiuted activated Fraction I of Run 2
of Strains 6778 and 6779 by diffusion under oil. After diffusion was
considered complete the oll was removed from the cellulose acetate discs
with petroleum ether. The discs were dried, stained in 0.2 per cent
Ponceau S and cleared in Whi@emore 0il Number ;20? Observation of the
cleared discs revealed only one distinect line of precipitate. No lines
of precipitate were evident on control discs, on which only Wellcome serum
had been placed and diffused, or on diécs on which all toxin fractions

of all Strains in both Runs 1 and 2 had been placed and diffused.
B. COMBINING POWER TESTS

Combining power tests were set up in an attempt to détermine if the

gradual disappearance of precipitability, previously noted when all Frac-

PRV
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tions of Run 2 of Strains 6778 and 6779 were reacted égainst Wellcome anti-

serum, was correlated with the loss of ability of epsilon toxin to combine
with antitoxin, )

Fractions E, IT and III_of'Rpp 2_0? Strain 6779 were diluted 1:8,
One ml. amounts of this dilutign%_ﬁroﬁ eagh‘fraction, were placed in each
of‘a series of four tubes along with 1 ml., of Standard Toxoid, éoﬁtéining
10 C.P.U. pef ml., in eachlof an additional series of four tubes. To
each of the sixteen tubes 1 ml, of Standard Antitoxip containing 10 A.U.
per ml., was added. Coﬁtents of all tubes were thoroughly mixed and they
were incubated one hour at room temperature. Then in one tube of esach
series of four, 1 ml, of Standard Toxin, containing 5 mg., was added. In
the additional tubes of each series Standard Toxin was added, containing \
respectively 3 mg. per ml,, 1 mg. ,per ml. and 0.05 mg. per ml. Consider--
able differences in the amounts of indicator toxin added were made, as
wide variations were expected in combining power of the various toxin
fractions. After the acdditlon of Standard Toxin the contents of all tubes
were again thoroughly mixed and incubated 1 hour4at room.temperature.

Each of five white mice were injected intravenously with 0.3 ml. of each
mixture.

Mouse deaths occurred Within one hour after injection at all levels
of Standard Toxin indicator added to Fraction E (Table'IIa). Mouse deaths
occurred overnight at all levels of Standard Toxin in&icator except the
0.05 mg. per ml., added to Fraction IE (Table LIb), Only the 5 mg. per
ml, amount of Standard‘Toxin added to Fraction IFI killed mice overnight

(Table IIb). Mouse deaths occurred overnight at the 5 mg. per ml, and 3 mg.




32

per ml, Standard Toxin indicator levels when added to Standard Toxoid.

C. AVIDITY OF ANTITOXINS AND TOXINS

Glenny, Barr, Ross and Stevens (1932) found that mixtures of toxin .

with loosely combining antitoxiﬁ still dissociate immediately on dilution,
even after stand;ng combined for two months. Samples of nén—avid anti-
toxin have been tested by various iE.XEIQ methods resulting in an apparent
value under one set of conditions which was less than one-third of the‘
apparent value under other conditions (9). They féund that with non-avid
sera, it was possible to prepare mixtures of toxin and antitoxin such

that rabbits will survive_the intravenous inJjection of a 10 ml. amount

but not of amounts varying from 0.00L ml, to 0.5 ml, The greater dilution
of the small inocula in the rabbits' circulating blood apparently reéults
in the dissociation of a lethal dese of toxin (20).

Glenny and his colleagues found that differences in avidity seri-
ously affect the standardization of cgrtain antitoxins, because in titrat-
ing many of these the level of testipg'is not definitely fixed but dépendg
upon the potency of‘the toxin available at the time, and is therefore
éubject to continual change. The relative values of non-avid antitoxins
were found to depend not only upon the dilution at which these tests are
conducted, but also upon the endpoint chosen, because.with non-avid sera
. there is a greaEer difference between the amount of antitoxin necessary
to afford complete protection and that delaying death for some definite

peried, These workers believed that differences in avidity affected the

relative neutralizing power and therefore the apparent antitoxic value of

T o e ey
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the serum according to (a) the amount of toxin used in the test dose,l(b)
the endpoint accepted as a measure of degree of neutralization, .(c) the
route of admnnlstratlon, and (d) the species of animal used.

Glenny devised a method for estimating the avidity of antitoxic
serum in terms of a dilution ratio, which was defined as the ratio of the
amount of antitoxin necessary to form a neutral mixture with one lethal
rabbit (Lp) dese of toxin in a total volume of 2 ml. (Ly 10) divided by
the amount necessary to form a neutral mixture with the same am;unt of
toxin in a total volume of 200 ml. (Ly 1000) (20).

Batty and Glenny (1947)‘found that the difference in firmhess of
combination between antitoxin and toxin and that of antitoxin and toxoia
is far greater with a non-avid antitoxin. In titrations of avid antitoxin
against activated toxin by the mouse intravenous method, a certain mumber
of mice die after the first 24 hours, and less after 48 hours, but the
number dying after 48 hours increases when titrations are made against
unactivated toxin, and still further increases when non-avid antitoxin is
titrated. Combining power testg are of special importance‘in assessing
the total amount of antigen present, whether it be in the form of toxin .
or toxoid, and in the case of epsilon toxiﬁ or protoﬁoxin as well, An
arbitrarily chosen (Standard) antitoxin must be used (3).

The combining power potency test for Clostridium perfringens Type

D bacterins as outlined in (4), while considered to be the best test
available for evaluating this biologiéal product, was beset with some
difficulties. This was demonstrated by the inability of trained and very

competent personnel of various vebterinary biological producers to get
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comparable results with repeated tests of the samg\bact;rin. Serious
efforts have been made by representa%ives of Animalvfhspection and Quar—
antine Division to determine how improvgme?tg might be made in this test.

Sterne (1959) of Wé}lcng Laboratorigg, Beckenham, Kent, Eﬁgland,
compared the combining power test, as carried out there, with the level
of reagents and thg method being used in the United States, He suggested
that possibly Standard Antisera as issued for use in this test in the

\

United States might be non-avid.

’

The author noted that with toxin-antitoxin neutralization tests
using Fraction I of Run 2 of Strain 6?79 and Wellcome serum that injected
mice became markedly depressed and respired rapidly starting about thirty
minutes after intravenbus_injection of a sublethal dose ana lasting for
several hours, with subsequent recovery. These symptoms and the fact
that the level of lethality was not clearcut, due to scattered deaths in
high dilutions which obviously should not have been lethal, indicated‘
that this fraction of this Strain contained a toxic factor not neutralized

by Clostridium perfringens Type D Wellcome antisera. Cohsequently, work

with this Strain was dropped,

Repeated toxin ‘dilutions of activated Fraction I of Runs 1 and 2
of Strain 6778 approximately six months after production, and subsequent
intravenous injections in 0.3 ml, amounts into white mice indiéated that
1 ml. of Run 1 contained 4000 mouse MLL.D?'S; and 1 ml, of Run 2 contained
more than 6325 mouse M.L.D.'s (Table ITI). Fraction I toxin-antitoxin .
neutralization tests shoﬁed that 1 Wellcome epsilon uhit would heutralize

more than 400 mouse M.L.D.'s of Run 1 of Strain 6778 and approximately 380
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mouse M.L.D.'s of Run 2 of Strain 67784(Table_IV). Thié would indicate
that these materials could be well activated so that very liftle apparent
protofoxin remains.

Toxin-antitoxin neutralization tests of activated Fraction I of
Run 2 of Strain 6778 were set up at undiluted and 1:100 dilutions and
reacted with Wellcome serum at approprigte dilutions of each toxin level,
Trypsin activation when performed repeatedly on the same materials results
in slightly different degrees of activation and thus slightly Qifferent
lethal dilution levels for mice should be expected (15). Against undiluted

toxin Wellcome serﬁm protected white mice injected intravenously in 0.3 ml.

amounts in a dilution range of 1:50 to 1l:65; against 1:100 dilution of
toxin, Wellcome. sera protected in a dilution raﬁge of 1:10,000 to 1:12,000
(Table V). Standard Anbitoxin, when reacted against Fraction I of Run 2
of Strain 6778 protected repeatedly at 165 anti@oxin‘units per ml, but
would not protect at 124 antitoxin units per ml,'at the undiluted toxin
level and protected at 1.0 antitoxin unit per ml. but not at 0.5 antitoxin
unit per ml. level against the 1:100 @oxié dilution {Table V). °

Repeated avidity tests with activated Fraction'I'of Run 1 of Strain
6778 undiluted and diluted 1:100 and Wellcome serum revealed that the serum
would protect against equivalent (i.,e. 1 ml. undiluted toxin and 1 'ml,
antiserum dilution 1:100) amounts of undiluted toxin at 1:100 dilution but
not at 13120 dilution; against 13100 dilution of toxin the serum would
protect in dilutions greater than 1:18,000 {Table VIL).

Avidity tests of Standérd Toxin and Standard Antitoxin were set up

at twenty times difference in level of dilutions rather than one hundred
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times difference in order no£ to rapidly deplete the stock of Standard
Antitexin, Standard Toxin levels ﬁsgd were 1 mg, per ml. and 0.05 mg.
per ml, xt was found that approximately 7.5 units of Standard Antitoxin
per ml, were required to neutralize equivalent amounts of Standard Toxin
at 1 mg. per ml, While 0.25 units of Standard Antitoxin per ml. were re—
quired to neutralize Standard Toxin gt 0.05 mg. per ml. Standard Antitoﬁin,
0.125 units, would not neutralize Standard Toxin at the 0.05 mg. per ml.
level (Table VIEI).

Avidity‘tests were then set up using both Runs of Fraction I of
Straiﬁ 6778 and Wellcome serum at one hundred times difference in lével
of dilutions as well as Standard Toxin and Standard Antitoxin at twenty
times difference in level of dilutions. Mixtures were made in great
enough amounts so that duplicate tests could be done. With one test run’
toxin-antitoxin mixtures were incubated at room temperature for onl&
twenty minutes; with the other test run the mixtures were ‘incubated for |
three hours, |

Mouse deaths occurred at essentially the same level of dilution
of antiserum when injected with toxin-antitoxin mixtures incubated either
for only twenty minutes or for three hours (Tables TXa and IXB). Howevef,
the three hour incubatién at room temperature apparently destroyed the
toxin at the high levels of dilution., Mouse deaths occurred later, after
injection with materials incubated three hours when compared to the time
of death in mice injected with the same materials incubated only twenty
mimates., This, too, may have been due to some destruction of activated

toxin with prolonged incubation.
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D. COMBINING POWER TESTS AT LOW AND HIGH REAGENT LEVELS

Sterne (15) of Wellcome Laboratories in England sugéested that since

English workers obtained satisfactory combining power test results, using

a level of reagents approximately twelve and a half times more concentrated

than those used in the United States, that low concentration of reagents
might be responsible for failure to thain satisfactory results upon re-
peated testing of the same materials.

Preliminary combining power tests had shown that using Series (b)
Standard Toxin at the lowest indicated T.I.D. ;gyel, (0,021 mg. per ml.)
with white mice obtained from Veterinary Researqh Laboratory and under
our conditions of testing, that mice were killed even at the 10 T.I.Da.
minus 10 M.L.D. level.

The combining power test propqdure as_qutlined {4) uses two levélsl_
of Standard Toxin indicator, to be added to the control mixtures of 10
A.U. of Standard Antitoxin and 10 C.P.U. of Standard Toxoid. These levels
are 10 T.I.D. and 10 T.L.D. minus 10 M.L.D. Mice injected at the 10 T.I.D.
level should die; thoselinjected at the 10 T.I.D. mipus 10 M.L.D. level
should live. The test was devised ip this manner as a control measure to
prevent excessive challenge by adding'too great amounts of Standard Toxin
Indicator.

A combining pewer test series of seven tubes was set up. To each
tube 1 ml. of Standard Antitoxin and 1 ml, of Standard Toxoid were added,
mixed well and allowed to incubate one hour at room temperature. Standard

Toxin made up to 0.22 mg. per ml. was then added to the first tube of the
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series; Standard Toxin concentration was reduced to 0.20 mg. per ml.
which was added to the second tube;_with toxin concentration being reduced
0.02 mg, per ml, in each of the subsgquenp tubes of tﬁe series until ‘the
last tube contained Standard Toxin made up to 0.10 mg., per ml., Contents
of the tubes were again thoroughly mixed apd allowed to incubate an addi-
“tional hour at room temperature. Whiﬁe mice, weighing 22;26 grams, were
each injected with 0.3 ml, intravenously of the mixtures céntaining the
various levels of Standard Toxin indicator. Thrée mice were injected
with each mixture containing a diffe;ent level of toxin indicator. In-
Jections were started at 11:15 A,M. and completed about noon June 16,
1961, Results are shown in Table X.

~ Investigation was made on how the weight or age of mice affected

thelr sensitivity to Clostridium per?r%nggns Type p Standard Toxin. ﬁice
for testing were available frpm the_colonies‘of Veterinary Research Lab-
oratory, Agricultural Experiment Statioﬁ, Mﬁntana State Colleée. Mice
were weaned at three to four weeks of age weighing 16-20 grams. Mice at
approximately eight weeks of age Weighed 26-30 grams, Since it was not
always possible to obtain wegnling mice, it was necessary to determine

how the use of 26-30 gram mice might affect test results. Series {a)
Standard Toxin was trypsin-activated and diluted to contain amounts rang-
ing from 0,10 mg. per 0.3 ml. to 0.l6 mg. per O.3~ml. as outlined in Table
XI. White mice were injected with 0.3 ml. amounts intravenously. This
test was repeated using only the 16-20 gram and 26-30 gram mice with toxin
dilutions ranging from 0.10 mg. per 0.3 ml. to O0.13 mg, per 0.3 ml. with

similar test results being obtained. Results would iAdicate that the
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26-30 gram mice are at least 10 per‘centlmore sugceptible to the toxin,.
Susceptibility may‘be correlated more with the age of tbe mice than with
the weight. .
Further confirmation of the T.I.D. value was sought by setting up .
a series of combining power tests as outlined in Table XIIa using a 10
T.I.D. level of 0.22 mg. and a 10 T.I.D. minus 10 MQﬁ:D. level of 0.19

mg. Mice used weighed 25-30 grams. Results indicated that again the

T.I.D. level of Standard Toxin was excessive. Whereas all mice were killed

at both toxin indicator levels at 10 A.U.-C.P.U. of Standard Materials no
deaths occurred at 80 A.U.-C.P.U. With Toxin Run 2 of Strain 6778, where
only the undiluted toxip killed all ﬁice at the 80 A.U. level, mice were
killed with a toxin dilution of 1:15 at the 10 A.U. level (Table XIIb).

A valid comparison could not be made with Toxin Run 1 of Stréin 6778 since
mice were net killed with undiluted toxin (Tablé‘XIIb),

Adjustments were made.in reagent }evgls as outlined in Tabies XITa,
XIIb, and XIib and then combining power tests were set up as outlined in
Tables XITIa, XITlb, and XIEIc using a 10 .’_I'.I..D. level of 0,20 mg. and a
10 T.I.D. minus 10 M.L.D. level of 0,17 mg. Again all mice, weighing
25-30 grams, were killed at both toxin indicator levels at 10 A.U.-C.P.U,
(Table XITIa). ’

With Toxin Run 2 of S£rain 6778 differences in dilution levels at
which mouse deaths occurred, as compared to results shown in Table XIIIb
could have been due to thé fact that the material was trypsin—activated
for 1 hour and 40 minutes instead of approximately 1 hour. This was done

since difficulty had been experienced in getting the Difco lot of trypsin
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being used to go into solution readily. However, what was considered to
be even more plausible is ?he fact that on this day toxin dilutions inad-
vertantly were made in Bacto-Peptone diluent which was at room temperature. .
Toxin dilutions previously had been made in Bacto-Peptone diluent which
was still ice—cola. |

With Toxin Run 1 of Strain 6778 mice died at a 1:7 toxin‘dilution
and survived at a 1:8 toxin dilution at the low level of.reagents; mice
died at a 1l:1.5 and survived at l:l.75 toxin dilution at the high level
of reagents with a ‘toxin indicator dose of 40 T.I.D. (Table XIII@). \ =

At this time it was felt that the correct levels of toxin dilu-
tions necessary to run a series of combining poﬁer tests had been closely
determined. Test series were set up using }ow and high levels of reagent
materials at various toxin indicator leygls. Results of tests using
Standard materials and Toxin Run 2 of Strain 6778 are outlined in Tables
XIVa and XIVb; results of Toxin Run 1 of Strain 6778 in Tables XVa and XVb.
Mice used weighed 25-30 grams.

Results outlined in Tables XIV and XV indicated that a proper range
of toxin dilutions had been esfablished._ Combining power tests were set
up using materials from Fractions I-V inclusive of Toxiq Run 2 of Strain
6778. These were trypsin-activated if they already had not been so treated.
After activation was complete five toxin dilgtions of each fraction were
made, these being 1:7.5, 1:10, 1:12.5, 1:15 and l:17.5. " Standard Antitoxin
was used at the 10 A.U. level; Standard Toxin at the 10 T.I.D. level.
Standard materials control was set up at 10 A.U.-C.P.U. with Standard Toxinw

being added at 10 T.I.D. (0,17 mg.) and 10 T.F.D. minus 10 M.L.D. (0.1l4 mg.)
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levels,

Mice weighing 25-30 gramé, injected_at both toxin indicatof levels
died at approximately the same times indicating a slight over-challenge.
With Fraction I mice were dead within eight hours after injection at toxin
dilutions of 1:7.5 and 1:10, At the 1:12.5 Qilgtion at approximately
eighteen hours post-injection all three injected mice exhibited central
nervous system disturbances shown by symptoms of twisting and rolling and
two were comatose. At sixty six hbqrs post—ipjection one of these affected
mice was dead. One'mouse died within eight hours post-injection at the
1:17.5 toxin level (Table XVIa).

With Fraction IT at eighteen hqurs one mouse was dead and two mice
exhibited symptoms of twisting and rolling at a dilution of 1:7.5. All
mice injected with the remaining dilutions of Fraction IT survived. No
deaths occurred in Fractions ITI, IV or, V¥ (Tables XVIb and XVIc).

' The experiments in this section show that combination of toxoid
and antitoxin occurs more firmly when the reactions are carried out using
reagents concentrated eight times more than those reagents previously used

in the outlined test (4).




CHAPTER IV

DISCUSSION

In this study the_Clog?ridigg“perfringggs Type D diaghostic serum
used was titrated and known to contain 1000 epsilon units per ml. Run 1l
trypsin-activated broth culture of Strain 6778 contained approximately:
4000 mouse M.L.D.'s per'mlf; Run 2 broﬁh cu}ture contained approximately -
6325 mouse M.L.D.'s per ml. Using either Run L or Run 2 trypsin-activated
broth culture material it was demonstrated that one epsilon unit would
neutralize approximately 400 mouse M.L.D.'s. Calculations thus reveal
that the epsilon concentration in Wellcome serum was approximately 62
times greaterlthan the epsilon toxin contained in Run 2 of Strain 6778
and approximately 100 times greater than the epsilon £oxin contained in
Run 1.

When work was first begun with tﬁe agar gel precipitin reactions
the author believed_thaf since the @rypsin—activatéd broth cultures were !
not concentrated that considerable differences existed in their content
of epsilon toxin and the concentration of epsilon fraction in the Well-
come Serull.

This was confirmed by preliminary testing of Run 2 of Strain 6778
activated toxih reacted with Wellcome serum in newtralizations tesfs.
Initial work, using the single diffusion technique, demonstrated 'that the
concentration of Wellcome serum to be mixed into the agar must be‘within
the range of 0.2 per cent to 0.3 per cent in order for lines of precipi-

tation to appear discretely. Inclusion of somewhat lesser or greater
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amqunts of serum in fhe agar prevented the development of optimum propor-
tions of reacting antigen with antipody anq resulted in the formation of
non-discrete lines of precipitation. Tﬁe time, for which the reactions
were carried out, was important becauqe the most discrete lines of precip-
itation persisted for only a few hours after which discreteness was gradu-
ally lost, The temperature at which agar gel precipitin reactions were.
cafried out might be varied depending upon what is desired. During pre-
liminary work, in which economy of time is important, reactions might be
carried out 'at 35° C. Later if it were desired to take photographs of
precipitation patterns then reactions might be carried out at refrigerator
temperature to obtain the most discrete lines of precipitation.

The ability of a Clostridium peyfringens Type D whole culture to

combine with antitoxin after trypsin activation alone would appear to be
influenced by the length.of time elapsing between activation and testing.
Agar gel precipitin reactions, Which_correlated with the ability of toxin
to combine with antitoxin, showed that lines of precipitation appeared-in
broth Eultures of several strains of organisms reacted 25-26 days after
trypsin activation but failed to appear in materials reacted approximately
six months after activation.

Using a single diffusion serum agar technique the author confirmed
the finding of Schuchardt and Munoz (1957) that formalin produced a loss
of the ability of trypsinized toxin to give a specific precipitate with
antitoxin with complete loss dccurriﬁg in less than fifty four days. This
disappearance of precipitability correlated with the loss of ability to

combine with antitoxin.
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The loss of the ability of a non-activated, formalinized broth cul-
ture to combine with antitoxin, while it proceeds relatively slowly, is of

practical importance. Commercial Clostridium perfringens Type D bacterins

may carry an expiration date, after which they are not to be used, ranging
from eighteen months to three years. It would seem that this loss of com-
bining power would preclude the use of the combining power test, should the
need arise, for some months before this biological product would reach its
expiration date.

Avidity studies indicated that Standard materials along with other
toxins and Wellcome antitoxin were avid. In all cases except when Standard

Toxin was reacted with Standard Antitoxin the Activation Ratio was less

than unity. This has been interpreted as indicating a greater dissociatiéh

in more concentrated solutions (9). ~The Activation Ratio of Standard Toxin
with Standard Antitoxin was approximately unity.

Mouse deaths occurred at a clear cut level of toxin-antitoxin‘dilﬁ<
tion. The majority of mouse deaths occurred within eight to ten hours
after injectién. An occasional death occurred within twenty four hours
post—-injection with only a rare death occurring thereafter. Mice injected
with near-lethal dilutions, when observed eighteen hours after injection,
exhibited symptoms of a central nervous .system disturbance as evidsnced.by
twisting and rolling movements. These same mice even though comatose gen-— '
erally survived throughout the ninety six hour observation period.

Observed time of mouse deaths with Standard Texin as well as Toxin -
Runs 1 and 2 of Strain 6778 during both toxin-antitoxin neutralization

tests and combining power tests indicated an unusual pattern of mouse
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deaths, In mlce which had been injected with lethal dilutions of toxin,
where the levels of dilution were not widely separated, there appeared to.
be a range where mice which received larger amounts of toxin survived sev-
sral hours longer than mice injeéted with lesser ameunts. Since this was
noted where groups of five mice had been injected, with little scattering
of times of death at the various levels of dilution, it was not believed
to be due to slight differences in amounts of toxin iﬁjected intravenously.

Also of interest is the finding that mice weighing approximateiy
10 grams more and being approximately 4 weeks older, than the 16-20 gram
mice used in testing this biological product, are approximately 10 per
cent more susceptible to epsi}on toxin,

Combining power tests carried out with reagents differing in con-
centration from one another by eight times indicatg that toxin and anti-
toxin combine most effectivgly at the most qoncentrapgd level of reagents.
This was best demonstrated when Staqqard,Anﬁitoxin was mixed with Standard
Toxoid, allowed to incubate 1 hour at room temperature, Standard Toxin in-
dicator added, the contents of tubes again being mixed and allowed to in-
cubate further 1 hour at room temperature and then white.mice being in-
jected with 0.3 ml. amounts intravenously of the -two levels of reagents.
Mice injécted with the less concentrated reagents died; those injected with
the more concentrated reagents survived, This same relationship was evi-
dent, but to a lesser degree, when various toxin dilutions of Runs 1 and 2
of Strain 6778 were reacted with Standard Antitoxin at high and low levels
of reagents,

Standard Toxin and Standard Antitoxin were both tested and found to

= Siem r-om= - o
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be avid. Since in the combining power test Standard Toxoid is the only
additional reagent introduced it would appear that its cogbination wiﬁh
Standard Antitoxin is less firm when the reaction is carried out at the
less concentrated level of reagents. A change in procedure is suggested
in which combining power tes?s wil; be performed with Standard Antitoxin
and Standard Toxoid concentrated at least eight times over their concen-

tration presently used in these tests.




CHAPT‘ER Vi

FUTURE EXPERIMENTATION

It 1is hoped thgt“seyeral lotg_gf_Q}ggt?idigﬁ_gerfringens Type D
bacterins can be produced all of Whicp contain a potential high level of
epsilon toxic fraction. ZEach lot should be divided into two parts to be
handled under like conéitions of tgmperature with one_part prototoxin-
toxoid and the other part toxin-toxoid. Comparative combining power tests
at l&w and high levels of reagent should be carried out on each part at
intervals of sixty days for three yeérs. This wouid indicate how rapidly
combining power is lost in prototoxin—toxqid and if toxin-toxoid will

combine satisfactorily at high reagent levels.




CHAPTER VI
SUMMARY

1. The optimumlconcgntration of Wellcome Typé D serum in agar re-
acted with two different trypsin-activated broth cultures of Strain 6778

Clostridium perfringens Type D was between 0.2 per cent and 0.3 pef cent.,

Wellcome serum diluted 1:ibo placed in one cup and diffused against un-
diluted trypsin—activaped broth cultures of Strain 6778 in another cup
appeared to provide mosﬁ‘optimum antigen—antipody proportions.

2. Single diffusion of undiluted trypsin-activated broth 'c':ultures
of Strain 6778 with 0,3 per cent Wellcome serﬁm in agar incubated at 35° C.,
room temperature énd refrigerator temperature showed most discrete lines of
precipitation after 18 hours, 36 hours and 60 hours respectively.

3. Trypsin-activated broth cultures of Strain 6778 reacted with
0.3 per cent Wellcome serum in agar showed the best lines of precipi£ation
when reacted at refrigerato£ temperature.

4. Lines of precipitation did not appear when broth cultures of
Strain 6778 which had been trypsin-activated and formalinized moreAthan:
two months were reacted with Wellcome serum or when broth cultures trypéin— .
"activated six months were reacted. Broth cultures formalinized for six
months and reacted with Wellcome serum showed indistinct lines of precipi-
tation. Loss of the aﬁility‘of the broth cultures, treated in varioué
ways, to form lines of precipitatién when reacted with Wellcome serum was
correlated with their loss of ability to combine with antitoxin in combin-

ing power tests,
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5. Mice weighing 26-30 grams were shown to be 10 per cent more

susceptible to (Clostridium perfringens Type D toxin than 16-20 gram mice.

6. Mice weighing 26-30 grams injected with 0.3 ml, intravenously

of Clostridium perfringens Type D ﬁoiin were shown to die more rapidly,
when injected with an appropriate lethal concentration, than other mice
injected with a greater letha} concentration of toxin.

7. Avidity tests, used to test the firmness of combination of toxin
and antitoxin, demonstrated that Standard Toxin and Stan&ard Antitoxin
(United States Department of Ag;iculﬁure), Wellcome serum and trypsin-
activated broth.cultures of S?rain'6778 were avid.

8. Combining power tests, carried -out using Standard Antitoxin
and Standard Toxoid at eight times difference in the level of concentra-

tion, showed that their combination occurred much more firmly when using

the high level of concentration of reactants.,

P it S
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ABBREVIATIONS USED IN TABLES I TO XVI

Died

Survived ~ o
Survived some tests; died in others
Overnight

Not tested

Undiluted

Comatose o

No lines of precipitate o

Symptoms of central nervous system disturbance, i.e., twisting and

rolling

v ~
[
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TABLE T

GEL PRECIPITIN REAGTIdNS SHOWING EFFECT OF SERUM CONCENTRATION
AND TOXIN FRACTTONS ON LINES OF - PRECIPTTATEs

Wellcome serum Concentra-
tion in agar 0.05% 0.1% 0.3% 0.5%

Fraction I-Strains 5639,
6778, 6779, 7071, 7072

and 7738 (Toxin Run 1) NLP NLP NLP NLP
Fraction I-Strains 5431, 5431-3mm  5431-1mnm
5639, 6778, 6779, 7070 6778-2mm 6778=2mm Not
and 7071 (Toxin Run 2) NLP 6779~4mm  6779-2mm filled
Fraction ITE-Toxin Run 1 NLP NLP . NLP Not
. : filled
Fraction II —Toxin Run 1 NLP NLP NLP NLP
Fraction ITI-Toxin Run 2  NLP NLP NLP NLP
Fraction IT -Toxin Run 2  NLP NLP 54,31~1mm  5431-lmm
67781 mm
6779~2mm
Traction IV -Toxin Run 1 Not ~ NLP Not Not
filled filled filled
. Fraction V ~-Toxin Run 1  NLP NLP NLP NLP
Fraction LV -Toxin Run 2 Not - NLP Not Not
filled filled filled
Fraction V¥ -Toxin Run 2 NLP NLP . 5431-1, 5mm 54.31-Llmm
6778-1 mm 6779-lmm
Days After

Fraction ITL
Fraction IT Activation & TFraction V

Production Toxoiding Toxoiding Activation
Toxin Run 1 App. 90 App. 66 App. 65 App. 16

Toxin Run 2 App. 78 App. 54 App. 53 App., 16

‘#All Plates Incubated at Room Temperature
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TABLE IIa

COMBINING POWER TESTS OF RUN 2 OF STRAIN 6779,

TRACTIONS I, IT AND TIT

(a) (b) (c)» Ch
L ml. Std. 1 ml. Std. 1 ml. Toxin 1 ml. Std.

Antitoxin Bacterin Dilution Toxin

Number and time
of mouse deaths

Standard Materials

10 AU 10 CPU - 5 mg
10 AU 10 CPU ~ 3 mg
10 AU 10 CPU - 1 mg
10 AU 10 cpU = 10.05 mg
Fraction I*
10 AU .- 1:8 5 mg
10 AU - 1:8 3 mg
10 AU - 1.8 1l mg
10 AU - 1:8 0;05 mg

5D - ON
5D - ON
53

58

5D
5D
5D

5D

#(a) and (b) or (c) Mixed and\incubated 1 hour at room temperature

#%(a), (b) or (c) and (d) Mixed and incubated 1 hour at room tempera—

ture

1A11 died within 1 hour after injection.
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TABLE ITb

COMBINING POWER TESTS OF RUN 2 OF STRAIN 6779,
FRACTTONS T, II AND IIT

(a) (o) (c )
1 ml. Std. 1 ml. Toxin 1 ml. Std. Number and time
Antitoxin Dilution Toxin of mouse deaths
Fraction IL
10 AU 1:8 5 mg 5D~ ON
10 AU "1:8 . 3 mg 5D - ON
10 AU 1:8 1 mg 5D -~ 6N
10 AU 1:8 ) ~ 0.05 mg 58
Fraction IIr
10 AU 1:8 5 mg | 5D - ON
10 AU : 1:8 3 mg 538
10 AU 1:8 1 mg 58
10 AU . 1:8 0.05 mg 58

%(a) and (b) Mixed and incubated 1 hour at room temperature

#%(a), (b) and (c) Mixed and incubated 1 hour at room temperature
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TABLE ITIT

DETERMENATION OF MOUSE M.L.D."S IN STRAIN 6778 CULTURE

Toxin Dilution

1:1250 1:1500 1:1750 1:1900
Run 1 . D s S NT
Run 2 _NT NT D D
TABLE IV

DETERMENATION OF MOUSE M.L.D.'S NEUTRALIZED
BY ONE WELLCOME SERUM EPSILON UNIT

(2) - (o)

1 ml. Wellcome " 1 ml, Undiluted 1 ml., Undiluted
Serum Dilutions Run 1 of Strain 6778 Run 2 of Strain 6778

1:55 NT D

1160 NT . 8/D

1:65 NT kR

1:80 3 . S

1:100 S ; o NT

12110 D NT

11120 D NT

#(a) and (b) or (c) Mixed and incubated 1 hour at room temperature

Note: 1 ml. Wellcome Serum contains 1000 Epsilon Units
1 ml., Bun 1 of Strain 6778 contains app. 4000 mouse M.L.D.'s

1 ml. Run 2 of Strain 6778 contains more than 6325 mouse
M.L.D.'s .
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TABLE V

AVIDITY TESTS - RUN 2 OF STRAIN 6778
REACTED WITH WELLCOME SERUM¢

1 ml, Run 2 of

L ml, Wellcome 1 ml. Run 2 of Strain 6778 at
Serum Dilution . Strain 6778 Undiluted Dilution of 1:100
1255 S =
1:60 s/D g
1:65 D : -
1:10,000 - ] S
1:11,000 ' - S/D

1:12,000 - D

s#Serum and toxin were thoroughly mixéd and incubated 1 hour at room
temperature prior to intravenous injection into white mice.
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TABLE VE

AVIDITY TESTS - RUN 2 OF STRAIN 6778 REACTED WITH
STANDARD ANTEITOXIN SERIES (B)*

1 ml. Run 2 of

1 ml, Standard "1 ml, Run 2 of Strain 6778 at
Antitoxin Dilution Strain 6778 Undiluted Dilution of 1:100
165 AU /ml 8 -
12/ AU/ml D -
82,5 AU/ml D -
1.5 AU/ml - . 5
1,0 AU/mL - ‘S
0.5 AU /ml - D

#Antitoxin and toxin were thoroughly mixed and incubated 1 hour at
room temperature prior to intravenous injection into white mice.
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TABLE VIT

AVIDITY TESTS - RUN 1 OF STRAIN 6778
REACTED WITH WELLCOME SERUNM:

: ) ) 1 ml., Run 1 of
1 ml. Wellcome 1l ml, Run 1L of ~ Strain 6778 at

Serum Dilution Strain 6778 Undiluted Dilution of 1:100
1:80 s V -
1:100 ‘ S -
1:110 D -
1:14,000 - | s
1:16,000 | - S
1:18,000 - 5

- e

#Serum and toxin were thoroughly mixed and incubated 1 hour at room
temperature prior to intravenous injection into white mice.

Rt
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TABLE VIII

AVIDITY TESTS ~ STANDARD TOXIN REACTED
WITH STANDARD ANTITOXTN:

1 ml, Standard
Antitoxin Dilution

1 ml, Standard
Toxin (1 mg/ml)

1 ml, Standard
Toxin (0.05 mg/ml)

10 AU/ml
7.5 AU/ml
5.0 AU/ml
0,375 AU/ml
0.25 AU/ml

0.125 AU /ml

S -
S/D -
D -
- S
- S
- D

#Antitoxin and toxin were thoroughly mixed and incubated 1 hour at
room temperature prior to intravenous injection into white mice.

)

’
e
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TABLE IXa

AVIDITY TESTS WITH DUPLICATE MIXTURES INCUBATED 20 MINUTES
AND 3 HOURS AT ROOM TEMPERATURE

High Level of Reagents

Ihcubated 20 min.

Incubated 3 hours

1 ml, Std. Toxin

(M.LQD.—OO 003‘ mg)

l rnlb Stdc
Antitoxin

Mouse Deaths-
Hours Post—-
Injection

1 ml, Undiluted
Toxin Run 2 of
Strain 6778 (More
than 6325 Mouse
M.L.D.'s/ml.)

1l mL. Wellcome
Serum Dilution
(1000 Epsilon

Units/ml.)

Mouse Deaths-
Hours Post—
Injection

"1 ml, Undiluted
Toxin Ran 1 of
Strain 6778 (App.
4000 Mouse
M.L.D. 's/ml. )

1 ml, Wellcome
Serum Dilution

Mouse Deaths- .
Hours Post
Injection

1 mg/ml 1 mg/ml
10 AU/ml 7.5 AU/ml

1D-6 hrs
2D-17 hrs  3D-6 hrs

Und Und Und

1:55 1:60 1:65

1D-48 hrs

38 38 28

Und Und
1:100 1:110
1D-6 hrs

25 38

1 mg/ml 1 mg/ml
10 AU/ml 7.5 AU/ml

1D-17 hrs
1D-46 hrs  2D-17 hrs

Und Und Und

L:55 1:60 1:65

1D-8 hrs
238 2D-8 hrs 18

Und Und
1:100 "1:110

1D-8 hrs
238 18

Note: 3 mice injécted with mixtures incubated 20 minutes; 2 mice injected
with mixtures incubated 3 hours.

PP ——




AVIDITY TESTS WITH DUPLICATE MIXTURES INCUBATED 20 MINUTES

60

TABLE IXb

AND 3 HOURS AT ROOM TEMPERATURE

. -Low.Level of Reagents

Thcubated 20 minutes

Incubated 3 hours

1 ml. Std.
Toxin

L ml. Std.
Antitoxin

Mouse Deaths—l.

Hours
Post—-Injection

1 ml. Toxin
Dilutien Run 2
of Strain 6778

1 ml, Wellcome
Serum Dilution

Mouse Deaths-
Hours
Post-Injection

1 ml, Toxin
Dilution Run 1
of Strain 6778

1 ml, Wellcome
Serum Dilution

Mouse Deaths—
Hours
Post-Injection

0.05 0.05"

mg /ml mg,/ml
0.5 0.25°
AU /ml AT /ml
383 38
1:100  1:100
1:10,000 1:11,000
38 38
1:100 1:100

1:14,000 1:16,000

38 38

0.05
mg /mL

0.125
AU /ml

1D-bhrs”
2D-17hrs

1:100
1:12,000
1D-6hrs
25

1:100

1:18,000

33

0.05  0.05

mg /ml mg /mlL
0.5 0.25
A/ml AU m
25 28
1:100 1:100
1:10,000 1:11,000
25 23
12100 1:100

1:14,000 1:16,000

28 23

0.05
mg/ml

0.125
AU /ml

2D-17hrs

'1:100

1:12,000

23S

1:100 -

¢

1:18,000

28

Note: 3 mice injected with mixtures incubated 20 minutes; 2 mice injected
with mixtures incubated 3 hours.-
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COMBENING POWER TESTS AT VARIOUS LEVELS
OF STANDARD TOXIN INDICATOR

(c) Time of

(a) (b)* 1 ml. Mouse Deaths-
1 ml. lm. Standard Toxin App. Hours
Standard Antitoxin  Standard Toxoid  Concentration  After Injection
10 AU 10 CPU 0.22 mg/ml ‘1D~ 2 hrs
1D- 5 hrs
1D - ON
10 AU 10 CPU 0.20 mg/ml 1D~ 13/4hrs
1 D-21/2 hrs
1D~ ON
10 AU 10 CPU 0.18 mg/ml 1D~ 21/4 hrs
2D~ 4 1/2 hrs
10 AU 10 CPU 0.16 mg/ml 2D-11/2 hrs
: 1D~ 4 1/2 hrs
10 AU 10 CPU 0.14 mg/ml 1 D- 5 hrs
2D- 0N
10 AU 10 CPU 0.12 mg/ml 38
10 AU 10 CPU 0.10 mg/ml 35

#(a) and (b) Mixed and incubated 1 hour at room temperature
##(a), (b) and (¢) Mixed and incubated 1 hour at room temperature

Note: Mice weighed 26-30 grams
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TABLE XT

STANDARD TOXIN DILUTION TEST COMPARING EFFECT
ON MICE OF DIFFERENT WEIGHTS

16-20 Gram  26-30 Gram 36-40 Gram 16-20 Gram
Series (a) Mice App. Micé App. Mice App. Mice App.

Standard Toxin 4 weeks old 8 weeks old 11-15 weeks old 4 weeks old#
0.10 mg/0.3 ml 4 S 4 D. 1D 4 8

38 .
0.11 mg/0.3 ml 4D 4D 48 LS
0.12 mg/0.3 ml 4D 4D LS 4 S
0.13 mg/0.3 ml 4D 4D 1D 4 D

38
0.14 mg/0.3 ml 4D 4D 4D NT’
0.15 mg/0.3 ml 4D 4D 1D NT

35S
0.16 mg/0.3 ml 4D 4D NT NT

#Tnjected with dilutéd toxins which had been refrigerated (400 F.)
approximately 22 hours ,
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TABLE XITa
CLOSTRIDIUM PERFRINGENS TYPE D MATERTALS - COMBINING POWER TESTS

COMPARED AT LOW AND HIGH LEVELS OF REAGENTS - 6/20 - PLACED
IN ICE WATER 12 NOON - INJECTIONS STARTED 1l:15 P.M.

(a) (b)e ™ T (el

1 ml. Std. 1 ml. Std. 1 ml., 8td. Time of
Antitoxin Bacterin Toxin Mouse Deaths
10 AU 10 CPU 10 TID ~ 3D - 9:20 PM
(0.22 mg)
10 AU . 10 CPU . 10 TID ° 1D~ 5PM
-~10 MLD 2D - 9:20 PM
(0.19 mg)
80 AU 80 CPU 10 TID 35S
80 AU 80 cpPU 10 TTD 385

-10 MLD

#(a) and (b) WMixed and incubated 1 hour at room temperature

##(a), (b) and (c) Mixed and incubated 1 hour at room temperature
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TABLE XIIb

CLOSTRIDIUM PERFRENGENS TYPE D MATERTALS - COMBINING POWER TESTS
COMPARED AT LOW AND HIGH LEVELS OF REAGENTS - 6/20 - PLACED
IN ICE WATER 12 NOON - INJECTIONS STARTED l:15 P.M.,

(b)s '
(a) 1 ml. Toxin (c )
1-ml. Std. - Dilution 1 ml, Std. Time of
Antitoxin Run: 2-6778 Toxin Mouse Deaths
10 AU 1:10 10 TID 1D - 9:20 PM
2D - 10:20 PM
10. AU 1:12.5 10 TID 2D- 5PM
1D~ 9:20 PM
10 AU 1:15 10 TID 3D - 9:20 PM
80 AU Und 10 TID 2D~ 5PM
\ 1 D - 93520 PM
80 AU 1:1.5 10 TID 38
80 AU 112 10 TID 38
80 AU 1:2 40 TID 35

#(a) and (b) Mixed and incubated 1 hour

##(a), (b) and (c) Mixed and incubated 1

oy

at room temperature

hour at room temperature
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TABLE XITIc

CLOSTRIDIUM PERFRINGENS TYPE D MATERTALS -~ COMBINING POWER TESTS
COMPARED AT LOW AND HIGH LEVELS OF REAGENTS ~ 6/20 -~ PLACED
IN ICE WATER 12 NOON - INJECTIONS STARTED 1l:15 P.M.

(o)~ m
(a) 1 ml. Toxin Co)me
1 ml. Std. Dilution 1 ml, Std. Time of
Antitoxin Run 1-6778 Toxin Mouse Deaths
10 AU 1:6 10 TID 1D- 5PM
‘ 2 D - 9:20 P
10 AU . 1327 10 TID 1 CNSS - 8 AM
1D- 8 AN~ 6/22
28 -6/26
10 AU 1:8 10 TID 38
10 AU 1:9 10 TID 1D~ 8AM
v 2 8- 6/22
80 AU Und 10- TID 38
80 AU - 1sl.25 10 TID 38
80 AU ‘11l,5 10 ‘TID 38
80 AU 1:1.75 10 TID 38
80 AU 1:1.75 40 TID 38

#(a) and (b) Mixed and incubated 1 hour at room temperature
##(a), (b) and (c) Mixed and incubated 1 hour at room temperature

;e
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TABLE XIITa |
CLOSTRIDIUM PERFRINGENS TYPE D MATERIALS - COMBINING POWER TESTS

COMPARED AT LOW AND HIGH LEVELS OF REAGENTS - 6/26 - PLACED
IN ICE WATER 12 NOON - INJECTIONS STARTED 1:30 P.M.

(a) O ()

1 ml. Std. 1 ml. Std, 1 ml. Std, Time of
Antitoxin Bacterin "~ Toxin Mouse Deaths
10 AU 10 CPU A 10 TID ° 3D~ 8 AM - 6/27
’ (0.20 mg)
10 AU 10 CPU 10 TID 3D - 8 AM -~ 6/27
~10 MED
(0.17 mg)
80 AU 80 CPU 10 TID 38
80 AU 80 GPU. 40 TID 3D~ 8 AM - 6/27

#(a) and (b) Mixed and incubated 1 hour at room temperature

e{a), (b) and. (¢) Mixed and incubated 1 hour at room temperature

Y
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TABLE XFTIb
CLOSTRIDIUM PERFRINGENS TYPE D MATERTALS ~ COMBINING POWER TESTS

COMPARED AT LOW AND HIGH LEVELS OF REAGENTS - 6/26 - PLACED
IN ICE WATER 12 NOON — INJECTTONS STARTED 1:30 P.M,

(b) ™~

(a) 1 ml. Toxin (o)

1 ml, Std. Dilution 1 mL, Std. Time, of
Antitoxin Run 2-6778 Toxin Mouse Deaths

10 AU 1:12,5 10 TIp 38

10 AU 1:15 | 10 TID 38

10 AU 1:17.5 10 TED . 38

80 AU Und : 40 TID 3D - 8 AM - 6/27

80 AU lel?25 40 TID | 35

80 AU . 1:1l.5 ' 40 TID 35

#(a) and (b) Mixed and incubated 1 hour at room temperature

##(a), (b) and (c) Mixed and incubated 1 hour at room temperature




TABLE XFITc

CLOSTRIDEUM PERFRINGENS TYPE D MATERTALS - COMBINING POWER TESTS.
COMPARED AT LOW AND HIGH LEVELS OF REAGENTS ~ 6/26 - PLACED
IN ICE WATER 12 NOON - INJECTIONS STARTED 1:30 P.M.

(b)»
(a) 1 ml, Toxin (o)t
1 ml, Std. Dilution 1 ml, Std. Time of
Antitoxin Run 1-6778 Toxin Mouse Deaths
10 AU 1:6 10 TID 3D~ 8 AM - 6/27
10 AU 117 10 TID 3D~ 8 AM - 6/27
10 AU 128 10 TED 2 3, 1 Com & CNSS ~-.
8 AM ~ 6/27
50 AU Und 40 TID 3D~ 8 AM - 6/27
50 AU l:1,25 40 TID 3D~ 8 AM -~ 6/27
50 AT 1:1.5 40 TID 3D~ 8 AU ~ 6/27
50 AU 1:1.75 40 TID 38
50 AU Und 10 TID 3D~ 8 AM -~ 6/27

#(a) and (b) Mixed and incubated 1 hour at room temperature

#%(a), (b) and (c) Mixed and incubated 1 hour at room temperature
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TABLE XIVa

CLOSTREDIUM PERFRINGENS TYPE D MATERFALS ~ COMBINING POWER TESTS
COMPARED AT LOW AND HIGH LEVELS OF REAGENTS ~ 6/28 - PLACED
IN ICE WATER 11 A.M, - INJECTIONS STARTED 1l:15 A.M.
COMPLETED 1:30 P.M.

(a) () G

1 ml, Std. 1 ml. Std. 1 ml, Std. Time of :
Antitoxin Bacterin Toxin Mouse Deaths |

10 AU ' 10 CPU 10 TID 1D~ 3:39 PM

~ (0.17 mg) 1 D - 8:45 PM

1D~ 9:15PM

10 AU 10 CPU 10 TID 18, 2 CNSS -

: -10 MLD 8 AM -~ 6/29

(0,14 mg) 1 CNSS ~ 8 AM ~ 6/30
38

80 AU 80 CPU 10 TID .38
80 AU 80 CPU "10 TID 383
: -10 MID
80 AU 80 CPU 30 TID 38 1

80 AU 80 CPU 40 TID 3's

#(a) and (b) Mixed and incubated 1 hour at room temperature ;

##(a), (b) and (c) Mixed and incubated 1 hour at room temperature
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TABLE XIVb

CLOSTRIDIUM PERFRENGENS TYPE D MATERTALS ~ COMBINING POWER TESTS,

COMPARED AT LOW AND HIGH LEVELS OF REAGENTS - 6/28 - PLACED
IN ICE WATER 11 A M. - INJECTEONS STARTED 11l:15 A.M.
COMPLETED 1:30 P.M.

(b))%

(a) 1 ml. Toxin {o)mn ‘
1l ml., Std. Dilution 1 ml, Std. Time of
Antitoxin Run 2—6778 Toxin Mouse Deaths
10 AU 1:7.5 10 TID 1 D~ 3:15 PM
' 1 D- 3:3L PM
1D- 3:34 PM
10 AU - 1:10 . 10 TID L D - 4:40 PM
1 D, 1 Com & CNSS -
8 AM - 6/29
18
10" AU 1:12.5 10 TID 1 CNSS, 2 S -
8 AM - 6/29
1 CNSS - 8 AM ~ 6/30
38
10 AU 1:15 ' 10 TID 38
10 AU 1:17.5 10 TID 33
80 AU Und 10 TED 1D- 3:17 PM
1D - 3:3 PM
1l D= 3:37 PM
80 AU 1:1.25 10 TED 38
80 AU - . l:l.5 10 TID 38
80 AU Und 4O TID 1D - 3:15 PM
: 2 D - 8:45 PM
80 AU 1:1.25 40 TID 38
80 AU " 1:l.5 40 TID 1D- 8AM
28 - 6/29

#{a) and (b) Mixed and incubated 1 hour at “room temperature
#e(a), (b) and (c) Mixed and incubated 1 hour at room temperature
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TABLE XVa

CLOSTRIDIUM PERFRINGENS TYPE D MATERTALS - COMBINING POWER TESTS
COMPARED AT LOW AND HIGH LEVELS OF REAGENTS - 6/29 — PLACED
IN ICE WATER 12:15 P.M. — INJECTIONS STARTED 1:15 P.M.

COMPLETED 3 P.M.

(a) (b )¢ (o)

1l ml, Std. 1l ml, Std. 1l ml, Std. Time of
Antitoxin Bacterin Toxin Mouse Deaths
10 AU . 10 CPY 10 TID ° 2 D~ 9:10 PM
: ' (0.17 mg) 1D- 8 AN - 6/30
10 AU 10 CPU 10 TID 1D~ 9:10 PM
-10 MLD 1 Com - 8 AM - 7/1
(0.14 mg) 1 Com, 1 CNSS -
8 AM - 7/3
28
80 AU 80 CPY 10 TID 1 CNSS - 8 AM - 7/3
38
80 AU 80 CPU 10 TED 35S
-10 MLD
80 AU 80 CPU 30 TID 38
80 AU 80 CPU 40 TID 38

#(a) and (b) Mixed and incubated 1 hour at room temperature

##(a), (b) and (c) Mixed and incubated 1 hour at room temperature
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- TABLE XVb

CLOSTRIDIUM PERFRINGENS TYPE D MATEREFALS - COMBINING POWER TESTS
COMPARED AT LOW AND HTGH LEVELS OF REAGENTS - 6/29 — PLACED
IN ICE WATER l2:15 P.M, — INJECTIONS STARTED 1l:15 P.M.

COMPLETED 3 P.M.

(b)s -
(a) 1 ml, Toxin (cle = ‘
1 ml. Std. Dilution . L ml, Std. Time of
Antitoxin Run 1~-6778 Toxin Mouse Deaths
10 AU 1:6 10 TID 2 D~ 9:10 PM
1D~ 10 PM
10 AU 127 10 TID 1 D - 9:10 PM
\ 1 D-11:30 PM
1D- 8AM- 6/30
10 AU 1:8 . 10 TID 1 Com - 8 AM - 6/30
1 Com - 8 AM - 7/1
1 Com — 8 AM - 7/3
38
10 AU 19 10 TID 38
50 AU 1:1,.25 10 TID 1 D~ 9:10 PU
2D - 11:30 PM
50 AU 1:1.5 10 TID 38 ‘
50 AU 1:1.75 10 TID 35
50 AU 1:2 10 TID 38
50 AU 1:1,25 40 TID 3D - 9:10 PM -
50 AU 1:1.5 40 TID 1D~ 10 PM
1 D- 10:35 PM .
1D~ 8AM~ 6/30
50 AU 1:1,75 40 TID 383
50 AU 1:2 40 TID 38

#(a) and (b) Mixed and incubated 1 hour at room temperature

##{a), (b) and (c) Mixed and incubated 1 hour at room temperature
3
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TABLE XVIa

CLOSTRIDIUM PERFRINGENS TYPE D COMBINING POWER TESTS
(Toxin Run 2 of Strain 6778)

| . o
(a) (b) 1 ml. Toxin (d ) . N
1 ml. Std. 1 ml. Std. Dilution 1 ml. Std. Time of
Antitoxin Bacterin Run 2-6778 Toxin Mouse Deaths
Standard
10 AU 10 CPU - 10 TID © 2 D - 9:30 PM
_ (0.17mg) LD~ 8 AM - 7/1
10 AU 10 CPU . - 10 TID 2D - 9:30 PM
-l0MD 1D-8AM-7/L
(0.14 mg)
Fraction I, Whole Culture — Not Treated
10 AU~ | - 1:7.5 10 TID 3D~ 9:30 PM
10 AU - ' 1:10 10 TID 3 D - 9:30 PM.
10 AU ' - 1:12.5 10 TID 2 Com & CNSS
: 1 CNSS - 8 AM -
7/1
1 D, 2 CNSS -
8 AM - 7/3
28
10 AU - 1315 10 TID 38
10 AU - 1:17.5 . 10 TID 1 D, 2 CNSS -
' 8 AM - 7/1
25

#(a) and (b) or (c) Mixed and incubated 1 hour at room temperature

#¢(a), (b) or (c) and (d) Mixed and incubated L hour at room tempera-
ture
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TABLE XVIb

'CLOSTRIEDIUM PERFRENGENS TYPE D TOMBINING POWER TESTS

(Toxin Run 2 of Strain 6778)

(oy*
(a) 1 ml, Toxin O
1 ml, Std. Dilution 1 ml, Std. Time of
Antitoxin Run 2-6778 Toxin Mouse Deaths
Fraction I, Whole Culture-Formalinized

10 AU 1:7.5 10 TID 1l D, 2 CNSS -

. 8 AM-7/1
28
10 AU 1:10 10 TID 395
10 AU 1:12.5 10 TID 38
10 AU 1215 10 TED 38
10 AU 1:17.5 10 TID 3'8

10
10

10

10

10

Fraction ITT, Whole Culture-Activated and Formalinized

AU

AU

AU

AU .

AU

1:7.5
1:10
1:12.5
1315

1:17.5

10 TID
10 TID
10 TID
10 TID

10 TID

35
38
38
35
3’8

#(a) and {b) Mixed and incubated 1 hour at room temperature

s#(a), (b) and (c) Mixed and incubated 1 hour at room temperature
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TABLE XVIc

CLOSTRIDIUM PERFRIENGENS T¥PE D COMBINING  POWER TESTS
(Toxin Run 2 of Strain 6778)

(bl ~

(a) 1 ml. Toxin ()

1 ml, Std. Dilution 1 ml, Std. Time of
Antitoxin Run 2-6778 Toxin Mouse Deaths
Fraction IV, Whole Culture-Seitz Filtered
10 AU 1:7.5 10 TID 38
10 AUl 1310 10 TID 38
- 10 AU l;}2.5 10 TID 3 é
10 AU 1:15 10 TID 35
10 AU 1s17.5° .10 TID 38

10
10
10

10

10 I

Fraction V, Whole Culture-Seitz Filtered and Activated

Ll:7.5
1:10
l:i2,5
1:15
1:17.5

10 TID
10 TED
10 TID
10 TID

10 TED

"

33
38
38
35
38

#(a) and (b) Mixed and incubated 1 hour at room température

s##(a), (b) and (c) Mixed and incubated 1 hour at room temperature




Sketch -~ Showing order of quadrants and numbers of cups within each
quadrant. X
Trypsin-activated Fractions LtoV, iﬁclusive, of Run 2 cultures of
Strain 6778 in cups 1 to 5 respectively of each quadrant. Reacted
with Wéllcqme serum in cegtralncgpsr Qultureshand serum undiluted in

quadrant Aj; diluted 1:10 in quadrant B; 1:100 in quadrant C; and 131000

l in guadrant D.

Trypsin-activated Fractions L to 7V, inglu;ive, of Run 2 cultures of
Strain 6778 in cups 1 to 5 regpgctivély of each quadrant. Cultures
undiluted in quadrant A; diluted }:l@ iq quadrant B; 1:100 in quadrant
C; and 1:1000 in quadrant D, Homologous fowl serum diluted 1:3, using
approximately 11l per cent saline, and reacted in all central cubs in
this dilution.

Trypsin-activated Fractions I to V, inclusive, of Run 1 cultures of '
Strain 6778 in cups L to 5 respectively of each quadrant. Cultures
andiluted in quadrant A; diluted 1:10 in quadrant B; 13100 in quadrant
C; and 1:1000 in quadrant D. Homologous fowl serum diluted 1:3, using

approximately 16 per cent saline, and reacted in all central cups in

this dilution.
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5. Trypsin-activated Fractions I to V, inclusive, of Run 1 cultures of

Strain 6778 in cups 1 tq §‘resp§ctively of gach quadrant. Cultures'
undiluted in quadrant Aj; diluted 1:10 in quadrant B; 1:100 in quadrant
C; 'and 1:1000 in quadrant D. Agar contained 0.25 per cent Wellcome
serums | ‘
Trypsin-activated Fractions T to 7V, inclusive, of Run 1 cultures of
Strain 6778 in cups 1 tq 5 respectively of gach quadrant.. Cultures
undiluted in quadrant A; diluted 1:10 in quadrant B; 1:100 in quadrant
C; and 1:1000 in quadrant D. Agar contained 0.5 per cent Wellcome
serum.

Trypsin-activated Fractions_f to V, inclugive, of Run 2 cultures of
Strain 6778 in cups 1 to 5 respectively of each quadrant. Cultures
undiluted in quadrant A; diluted 1:10 in quadrant B;'l;lOO in quadrant
C; and 1:1000 in quadrant D. Agar contained 0.25 per cent Wéllcomé
Serum.

Trypsin-activated Fractions_Iﬁto v, inclusive, of Run 2 cultures of
Strain'6778 in cups 1 to 5 respectively of each quadrant. Cultures
undilutéd in quadrant A; diluted 1:10 in quadrant B; 1:100 in quadrant
C; and 1:1000 in quadrant D. Agar contained 0.5 per cent Wellcome

sSerum.

PRIl
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