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THE BETA TOXIN OF
CLOSTRIDIUM WELGIIIXI TYPL B, WILSDON,

IN RELATIOR TO
THE PRODUCTION OF A VACCINLE AGAINST
LAMB DYS3ENTERY.

h%

ECOROMIC IMPORTLRCE OF THE INVESTIGATION.

The sheep industry in South Africa occupies a very
important place in the country’'s economy as can be geen from

the following figures extracted from the 1953 census -

Revenue from woOl ......ccceeeesvescsncscsses £75 million.
Value of skins produced ....vvseesvenceec...o £ 45 million.
Velue of Karakul pelts produced ............. £ 1§ million.
Total number oOf sheéep ......eeeeveeseearceacse 31.3 million.

Number of sheep slaughtered by butchers ..... 4--5 million.

Exact figures for losses suffered by sheep farmera
through diseuge are not available but & falr estimate would
be an amount of several million pounds per annum. Of this
vast sum enterotoxsemis-like conditions caused by the

Clostridium welchii group of orgunisms wccount for & consider-

able portion. Magon (1935a) mentions that E.)X. Robinson had
isolated Cl. welchii Type B from cuses of lamb dysentery prior

to 1931. Scheubsr (personal communicuation) reports having
isolated the sume organism from specimens received from the
Karoo, the North-lastern Cape Province and the QOrange ¥ree
Stute. Schulz and Sutton (1950) state that lumb dysentery
is snzootic in the southern part of the Orange iree stute
ana parts of the Kastern Province.

During 1948 Schulz and McIntyre made a tentative
diagnosis of pulpy kidney after investigating extensive
losses among sheep in the Lastern Cape Province. This wus

confirmed when 3cheuber demonstrated Cl. welchii Type D and
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its toxin in the intestines of some of these cases. Schulz
and Sutton (19%0) maintain thut this diseuse is widespread
and that 1¢ has been encountered on sheep farms in different
parts throughout the Union and South West Africu.

In asgreement with the experience of Batty, Thomson and
Hepple (1954) in Great Britaln and Dayus (1938) in New Zealand
Sutton (personal communication) diagnosed pulpy kidney in two-
weeks old lambs in South africa,

The problem of protecting very young lambs sagainst both
Cl. welchii Type B and Type D infections and older lambs and

adult sheep against Cl. welchil Type D infeciions, is

therefore posed,

In South africa where sheep are grazed predominantly on
an extensive system thoy are collected periodicalliy at
irregular intervals of up to & month. 8ince the introduction
of Jjackal--proof fencing ewes are allowed to lamb in the
pastures by preference. Seldor are shepherds uaed. This
arrangement has distinct advantuges for the control of
internal parasites and diseases favoured by the concentration
of sheep but certainly excludes the possibility of using anti-
toxins for the prevention of laxb dysentexry and pulpy kidney
in very young lambs us & pructical measure. Hence resort
must be mwade to the immunization of pregnsnt ewea to provide
their lambs with & colostral immunity against these diseuses
during the firast few weeks of their lives.

A BRIEF CONSIDERATION OF THE TOXIC FRACTIONS PRODUCED BY
CL. WELCHII TYPE B.

The welchii group of Clostridia contuins aix types
distinguished one from the other by the toxic fractions
produced in artificial media. These toxic fructions huve
very definite actions by which they can be identified. In
Table I which was derived from a publication by Oukley and
Warrack (1953) the properties and distribution of these
entigenic fractions are given.
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TABLE I.

PROPERTIES AND DISTRIBUTION OF THE TO.XIC FRACTIORS
PRODUGED BY CL. “ELCHII IN CULTURE MEDI..

g Occurrence in Filtrutes
o of
o Cl. welchii Types.
& Activity.
o
E: A B € D E F
oc | Lbethal, necrotizing
Haemolytic lecithinase C ++ + + + T
/3 Lethal, necrotizing - - - 4
7' Lethal : - + + - - ¥
N lHaemolytic, lethal - + ++ - - -
€ |Lethsl, necrotizing
(activated by trypsin) - 4+ Y
n Lethal (vulidity
doubtful) (+) - - - - -
g |Haemolytic (oxygen--labile,
? lethal) et— 4 + + + -
L Necrotizing, lethal
(activated by trypsin) - - - - 4 -
K Collagenase (necrotizing
gelatinase, 7 lethal) ++ - 4+ = o+ -
Proteinase, disintegrutes
)\ hide powder but not
collagen; gelatinuae A A - 4 - -
/4' Hyaluronidase +- “+ - - - -
/' |Pesoxyribonuclease + + + + + +

++- Or 4~ = present in some strains.
(+) = limited to very few sirains.

From the standpoint of vaccine production the main toxin

produced by the Cl. welchii Type B strulns examined by

Glenny, Barr, Llewellyn-Jones, Dalling and Ross (1933) wus

the beta toxin. The culture rfiltrates aleo contulned some
epsilon toxin in uddition to minor frauctions such as ganma

and delta toxins. Muson (1935a) corments as follows -

"The 'bloedpens' bucillus, & germ responsible for lamb
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dysentery (bloedpens) in South Arrica appears to be identical

gervlogically with Cl. welchii Type B (the 'lamb dysentery

baucillus') as originally isolated by Gaiger and Dalling. It
produces two main toxins; young (18 hours) filtrates consist
chiefly of Glenny's beta toxin and old (5 days) filtrates of
epsilon toxin. Both young und old filtrates contuin alpha
toxin, sand there was evidence that the former contained gomma
toxin."

The struinsg isolated by me from lambs infected with lamd
dysentery produce betu us their muin and epsilon as their
subslidiary toxic fruction. This was confirmed by Max Sterne
of the Wellcome Reaearch Laboralories, Beckenham, kngland.

In the case of Cl. welchii Type D, epsilon toxin is the

principal toxin produced ((lenny et ul; 1933). The Soath
Africun strains isolated by me correapond in this reapect.
From‘the above it is obvious that for the immunization of

sheep aguinat Cl. welchii Type B und Type D separately and in

some cases simultaneously, the regquired level of antitoxin in
these animals has to be produced ugainst the different toxic
fractions produced by the orgunisms concerned. The study of
this problem was initiated by an investigation into the pro-

duction of an immunity against Cl. welchii Type B and the

results obtained form the hasis of this thesis.
Evans (1943a) produced experimental evidence that a

Cl. welchii Type A antiserum with & high content of alpha

antitoxin and only a trace of theta antihaemolysin was highly
effective in protecting guineu-pigs againat infection with
Cl. welchii Type A. On the other hand, & Cl. welchii Type A

antiserum with a high content of theta antihaewolysin and
containing only & trace of ulpha antitoxin was quite
ineffective. He further proved (1943b) that a Cl. welchii

Type A antiserum with a high content of alphs antitoxin and
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no antihysluronidase wus highly erfective while an antiserum
contalning a consideruble quantity of antihyaluronidase and
only & Lrace of alphus antitoxin was unable to influence the
course of the infection or to enhance the protective action
0T alpha antitoxin. The three challenge strains of (l.
woelchil Type A he used produced fatal infections in guinea-
pigs; two of these produced hyaluronidase in culture and in
yivo, but the third did not.

Evans (1947) slso showed that the untidollugenase value
of & serum has no relationship to its protective value against

a Cl. welchil Type A infection in guinea-pigs. e (1945)

further states that the ability of (Cl. welchii Type A to

produce fatal infections in guinea-pigs 1s reluted to its
alphs toxin production in viiro and is independent of the othex
antigenic elements,

although the fact that an antitoxin against the main

toxic fruction produced by Cl. welchil Type a4 protects against

& fatal infection by that orgunism cannot be sapplied mutatis

mutandis to the (1. welchii group in general without further

evidence, (Glenny et ual. (1933) malntain that Cl. welchii Type

C toxin (which contains the beta fruction but nc epsilon) hase
frequently been used at the .ellcome Research Laboratories

for the immunization of horses in the production of lawmb
dysentery antltoxic sers. Such sera have provaed effective in
protecting against lumb dysentery in the fileld. In 8 personal
communication J.R. Scheuber informed the author thut he had
prepared & vaccine aguinst lamb dysentery rorx many years at
the Onderstepoort Research Laboratories using a sirain of

Ci. welchii Type B which produces muinly the beta frauction

and no epsilon (vide infra). This vuaccine was completely

satisfactory.
In the present study, therefore, emphusis has been
placed on the production of an immunity againet the beta

toxin. The significance of the other toxic fractiona
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produced by Cl. welchii Type B and the value of immunity

against them are difficult to assess, since the natural
disease is not easily reproducible in the laboratory. It is
the author's intention, however, to sssess these by means of

& long term field experiment.

MATERIALS AND METHODS.

1. antitoxin.
For the production of a laboratory atundurd beta anti~
toxin two horses were given two subcutaneous injections of

20 ml. of an alum-precipitated Cl. welchil Type C toxoid

separated by 30 days. The horses were then rested for one
year before they were put on to a&n intensive course of (l.
welchlii Type C toxold followed by toxin injections. The
regt period wus allowed with the object of obtaining an avid
antitoxin ((lenny, Pope and :iaddington 1925, Glenny snd Barr
19324, Glenny and Barr 1932b, Jerne 195l1). Four days after
the largest dose of toxin 8 litres of blood were withdrawn
from euch horase and the bleeding repeated af'ter three days.
The serum was collected, pooled and paxrt of 1t preseréed with
merthiolate in & final concentration of 1 : 5,000 while the
rest wus refined by the pepsin digestion method of Pope (1939).
The refinement was kindly undertuken by J.H. M&son of the
South African Institute rfor Medical Reseurch.

The different antibody f{ractions contained in the_refined
serwa were determined Dy xrs. I. Batty of the ¥Nellcome

Resesarch Laborstories and reported to be us follows -

Beta .......cc0000. ceeses 9,500 units,
Alpha ........ cesesessnss 1,500 units.
Delta ..........cc...., bout 5 units.
Kappa ...... ceesnenansess 2,000 units,
Lamda ..... vessees.less than 50 units.
Epsilon .ecceeee.n. ceoense 0.02 units.

2. Determinution of the antitoxin titre of the sheep sera.

For the determination of the antitoxin content of the

sera of the sheep after injecotion of toxold a dried toxin
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was prepared Irom & culture filtrate of the "1930 strain® of

Cl. welchii Type B. Anmrzonium sulphate was used for pre-

cipitation and again removed from the dried product by
chloroform flotation.
The titration wus done in white mice welghing about
20 grams and 4 constant quantity of 0.004 mg. dried toxin was
used per mouse. Thias weight of toxln contained 2 M.L.D.'s
and represented 0.04 test dose us determined aguinst serum
EX 1254 obtained from the 'sllcome Research Laboratories,
Beckenhuarn, Kent, through the courtesy of Dbr. G.H. larrack,
The mice were injectod intruvenously with 0.2 ml. of
toxin-serum mixture made up as follows -~

(a) 0.004 ng. toxin dissolved in saline to a total
volume of 0.1 ml. plus

(b) a quantity of sheep serum made up with saline to
a total volume of 0.1 ml.

Successive tubes contuined increuasing amountis of serum.
The serun-toxin mixtures were leof't at room temperature for
one hour prior to injection. From each tube sufficlient was
withdrawn for the injection of two mice and these were
observed for 24 hours after injection.

At first the sersa were titrauted over u wide runge to
find the approximate neutral point and subsequently within
narrower limite to determine the exact point as closely as
possible. Control mice were injected regularly to check
the lethal effect of the toxin. The titre of the sera wus
expressed s units per ml. and where 0.5 ml. of serum falled
to protect againet 0.004 mg. toxin its titre wus recorded
a8 0 units per nl.

A negligible quantity of alphe toxin was present in
the 0.004 my. dried toxin used since its lethal effect wus

not influenced by the addition of an excess of alpha anti-

toxin.
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3. The flocculation test.

The Ramon flocculation test as modified by CGlenny and
Okell (1924) for titrating diphtheria toxin and antitoxin
was used. Mason and siddicombe (1946) showed that the beta

fraction of (l. welchili Type B toxin can be titrated by this

method and their procedure, slightly modified, was followed,
For titrating the high value toxic filtrales it was necessary
to maintain the temperature of the bath at 38°C. because at
45°C. flocculation occurred in less than one minute.  Tubes
ﬁeasuring 75 x 8 mm. were used und the pH of the filtrates
adJusted to 6.8. One millilitre amounts of toxic filtrate
proved convenient,

When toxic filtrate was flocculated with natural serum
in a concentration range round the in vivo neutral point
several zones 0f rlocculation could be detected. In euch of
these floccules formed in the contenis of three or four tubes
adjucent to the so-called "indicator tube". The zones
represented the combination of sepuarule antigens with their
corresponding antibodles. A toxic filtrate, for inastance,
which had & value of 76 LY per ml. showed values of 30, 8,
100 and 150 Lf per ml. when flocculated with natural serua.
This confused the issue to the extent that the use of crude
serum had to be abandoned. With pepsin-refined antitoxin,
however, only one zone of flocculation took place in a range
of serum quantities varying from well below to well ubove
the in vivo point of neutrality. To prove thut this wus a
specific beta toxin-antitoxin zone the following experimental
evidence is orffered -

(a) By applying the gel-diffusion precipitin technigue of
Pope (personal communication) only one precipitin line could
be demonstirasted. Undiluted antitoxin mixed with an equal
volume of 2 per cent. gelatin in 0.8 per cent. NaCl solution

was pipettod to the bottom of a 7% x 8 mm. tube to form a
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colwnn 1 om. high. This wus left in a refrigerator to solidify
and then & 1 cm. layer of cleur one per cent. gelatin in 0.8

per cent. NaCl solutlon was layered om top of the antitoxin-
gelatin column and the tube returned to the refrigerator.

The toxic filtrute wus then layered on top of the gelutin and
the tube left in u standing position in u refrigerator ut a°c,

A single preclipitin line formed after four days and no more
appeured in three weeka. Undoubtedly more 1lines would have
formed i the antigen and antibody had been concentruted but
they were used in the sume concentrations sz in the flocculution
test.

When the toxic filtrate was flocculated with the untitoxin
at & level corresponding to the neutral point of the sume
reagents us determined by intravenous titration in mice and
the floccules removed before the solution was put into the
gel-diffusion system no line resulted. In the determination
of the neutral point in mice the salpha toxin contuined in the

filtrate (the strain of Cl. welchili Type B used produces only

two lethal faoctors, viz. alpha and beta toxins), wus
peutralized by an ulpha antitoxic serum contuining no beta
antlitoxin.

Thiae evidence indicates thut the sume factor in the
toxic filtrates 1s responsible for the precipitin line,
flocculation reuction and neutralization of the beta antitoxin
in the refined antiserum used.

(b) One hundred ml. of toxic filtrute were flocculuted at
a level as described in (a). The floccules were sepurated
from the ligquid by centrifugution, wushed three times with
physiological saline und then re-suspended in saline which
wus made up to 100 ml. Each of ten guineu-plgs received
subcutuneously 5 ml. of the floccule suspension and the
injection was repeuted after three weeks. Ten deys after

the second injection their resistunce tc injections of beta
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toxin was tested by the Cunwlutive Minimal Lethal Dose test
&8 described by Mason, Ross und Dalling (1931). A dried

toxin prepared from & culture of the "1930 variety" of

Cl. welchii Type B by mesns of ammonium sulphate precipitation
wag used as test material. Before injection, however, the
Jecithinuse activity of the redissolved dried toxin wus
neutralized with un anti--alpha serum with the result that the
beta fructlion only wus responsible for the mortality. The

results are summarized in Tuble YI.

TABLL II.

| THE RESINSTARCE TO BETA TOXIN
OF GUIREA~PIGS HAVING RECEIVED INJECTIONS
OF SUSPENDLD FLOCCULES.

Gulnes~-pig. K.L.D. withstood.
1 16 but less than 32
2 "oon " " "
3 "o n " "
4 woow " " "
5 noow " " "
6 noomom nooon
7 32 " " 64
8 “ on " " "
9 "o " " "

10 " oon n " "

These results prove that the injection of the floccules
was responsible for u resistunce against the lethal effect

of beta toxin.

(¢) The velue of esch of u series of 33 different toxic
filtrates wus determined in terms of units by meuns of the
flocculation test. Simuwltaneously their L4 vulues were

determined aguainast the surme antitoxin by titration in nmice
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after neutrallizution of the alpha toxin. These Lests were
done while the fillirates were fresh and the following results

were obtained -

Lt values (Lf per ml.) | L+ values (L+ per nml.)
38 34
33 30
a 36
3 38
67 60
81 76

15 S
9

76 70
6 60
3 46
48

275 260
199 190
171 162
162 154
170 163
6g 540
34 34
38 34
LY 46
3 34
4 40
3 38
33 30
105 110
105 114
123 114
114 114
123 114
85 78
95 78

The value of chi-squure for these two series of numbers
18 cmaller than the value at P = 0.05 (¥ in the vicinity of
0.8) indicating a satisfactory agreement between these two
methods of determining the value of & toxic solution in terms
of its antitoxin-binding power.
(d) Moloney and Hennessy (1944) used the property of
floccules from true toxin-sntitoxin combination to wbsord
toxin and antitoxin as sgainst the 1nsbility or floccules
from false gones to do the same in the prepuration of @

single zore tetanus sntitoxin. This antitoxin was proved by
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various other meuns to meusasure the Lrue toxin or toxoid
content of a filtrate.
On the same basis floccules were prepared Lrom 50 ml. of

8 clarified toxic filtrate (vide suprs). The floccules were

spun down and the supernatant tested for residual toxic or
antlitoxic activity; neither could be demonstrated. The
packed floccules were washed twice in suline und the final
supernstant discarded. Finally nalf the floccules were
guspended in 10 ml. of the original toxic filltrate (277 LI per
ml.) and the rest in 3 ml. of concentrated antitoxin (9,500
units per ml.). After leaving the mixtures at room tempera-
ture for one hour the floccules were removed by centrifugation
and the values of the toxic and antitoxic supernatants respec-
tively determined. Fifty units of toxin per ml. and 7,125
units of antitoxin per ml. remained.

The conclusion that the floccules represent & true
toxin-antitoxin coubination seeuws Jjustified,

Glenny und Okell (1924), working with diphtheriu toxin
and antitoxin, confirmed Ramon's observation that the
flocculation test could also be used to essay a toxin modified
by chemicul means, i.e. & toxoid. HMason snd “iddicombe (1946)
applied it to the titration of formol beta toxoid using
pepsin-refined antitexin,

To estublish the applicability of the flocculation test
as 8 means of titrauting the toxoids prepared in the present
seriea of experiments eight toxoids were prepsared by
formolizing selected toxins of different LT values. Sub--
sequently the flocculution value of these formol-toxoids was
determined by blending with & quick-rflocculating toxin and
also their total combining power (Mason 1935b).

The results swamarized in Table III show that the
toxoids are placed in the same order of strength by the two

methods.
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TABLE III.

COMPARISON BLTWEER THE TOTAL COMBIRING POWER
ARD FLOCCULATION VALUE OF TUXOIDS.

Totul Combining Power. | Floocculation Value.
165 units 57 LL
200 ¢ 100 *
350 » 151
400 " 160
460 " 71 "
480 266
500 " 276 .
630 ® 380

Mason asnd #iddicombe (1946) state that "Formol-toxoid,
used to prevont lamb Jysentery, wmay be titrated with some
accuracy by ascertalning ite untitoxin-binding power,
However, the true value of the toxoid is not necessarily
obtuined becuause toxin i3, us & rule, more uvid than toxoid
and may throw some toxoid out of combination with the anti-
toxin and take its place, thus giving the impression that the
toxoid has & lower binding vualue than it reully has.®

On the strength of my experience with the total
combining power test I fully sgree with this statement and
feel that the absence of & constunt relationship between the
values as determined by the total combining power method and
the flocculation method for the respective toxolds can be
accounted for by the relative inaccuracy of the former method.

In view of the reported experimentul evidence and the
wide application of the flocculation test I feel that this

test can be used to asssay ithe beta fraction of Cl. welchil

Type B toxin snd its corresponding antitoxin.
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4. The selection of & strain of Cl. welchii Type B suituble
for the production of beta toxin.

In conducting the studies on beta toxin a strain of Cl.
welchii Type B designated the "1930 strain" by Mason (1935a)

wus used. hile the stundard Cl. welchii Type B produces

beta toxin &g its maln antigenic fraction us well as epsilon
toxin the "1930 struiln® has lost its power to produce the
epsllon fraction, Mason mentioned thal this variety did
produce alphu toxin as a subsidiary constituent and during
the course of this investigation it was found that the
organism also produces some hyaluronidese when cultured for
'5 hours in meat broth containing one per cent. peptone,

The advantuges of using thie atrain for the study of
betua toxin ure the lack of an epsilon fraction which would
complicute the experiments, and the absence of proteolytic
enzymes which would affect the stability of the filtrates.
On cultivation in liquid media, however, & sticky growth
resulted due to the production of mucus which considerably
impeded filtration and processing of the toxic material,

After 24 . hours' growth on the surface 0f serun-agar in
an anaerobic Jjur the following morphologicully different

colonies could be distinguished -

(a) Smooth colonies (Fig. I). Dome-shaped with shurp,

regular margins. Glistening white, smooth appearance.
These colonies are renarksably strin;:y and, when subcultured
into liquid media, a mucoid growih results.

The orguanisms comprising Lhe smooth colonies are toxi-
genic and displuy & wide capsule when stained supravitally
.in wet films with India Ink.

On gerial passuage of the parent siruin in liguid mediu
these mucoid orgunisms appear in incresasing proportions and

oust the other types to be described below.
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rta. I.

SMOOTH COLONIES PRODUCED BY ORGANISMS ISOLATED
FROM A CULTURE OF CL. WELCHII TYFL B ("193C UTRAIN').

(b) Colonies composed of non-toxigenic organisms (Fig. II).

These are flatter than the smooth variaﬁy and have
reguluar margina. They have u dull white appearance.

The organisms are non-cupsulated and, when grown in meat
broth, could not be shown to produce beta toxin by blending
with a quick-flocoulating toxin (Glenny and Okell, 1924),.

They however have the following characteristics which ildentify

themm as Cl. welchii -

Short straight stout rods with purallel asides arranged
singly or in amall bundles. Gram-positive. elatin is
ligquified but not coagulated seruun. A typicul "stormy
fermentation" reaction is produced in litmus milk. Glucoae,
lactose, raltose and inulin are fermented, but not mannitol

and dulcitol. Alpha toxin is produced.

© University of Pretoria Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



s de &~

PIG. 11,
APPEARANCE OF COLONIES PHODUCED BY ROR-TOXIGENIC ORGARISMS
ISOLATED FHOM A CULTURE OF
CL. WHELCHII TYPE B ("1930 STRAIR").

(¢) Rough colonies (Fig. III). Flat colonies with very

irregular and roughened margins. Irregular surfuce and u
proncunced mat appearance, The organismes are non-capsulated

and produce beta toxin in liquid media, The culture fluid

is not sticky.

PIG. II1I.
APPEARANCE OF ROUGH COLONIIS PRODUCED BY
ORGANISMS ISOLATED FROM A CULTURE OF
CL. WELCHII TYPE B ("1930 STRAIR").

© University of Pretoria pigitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



17.

Because the rough variant did not produce sticky
capsules 1t wus selected for the production of toxin in these
investigations. Its tendency to give rise to further
mutante was examlned by subculturing it twenty times in
Robertson's meat broth contuining one per cent. glucose,

The original colony morphology and toxigenicity were retuined,
However, after the same number of serial passages in
Robertson's meat broth without glucose & mutunt did appeuar when
the culture at this stage was grown anaerobically on the sur-
fuce of serum-agar for 24 hours! these mutants could be
detected by their more regular margine and smoother aurfuces.
These colonies were not stringy when picked while the
individual orgunisms wers non-capsulated snd toxiganic.

Similar dissociation wus described by Stevens (1935) and
McGaughey (1933) working with Cl. welchii Type A.

In view of the variability of this struin of Cl. walchii

Type B, stock cultures were prepared by cultivating selected
rough c¢olonies in Robertson's meat broth containing one per
cent. glucose and lyophilizing the resulting growth in 0.5 ml.
quantities. A fresh arpoule of dried culture was used to

start the production of each batch of toxin.

THE PRODUCTION OF BETA TOXIN.

Initially beta toxin was produced according to the
methods employed at the Onderstepoort Laboratories for the
preparation of lamb dysentery vaccine. The medium consisted
of a broth prepared by boiling minced horse meat in tap water
for 30 minutes (1 litre of water to 1 1b. of meat). The

following ingredisnts* were uadded -

» When in this thesis an ingredient is added in a concen-
tration of, say, 1 per cent. this must be taken to
indicate that sufficient of the ingredient is added to
give a finsl concentration of 1 per cent.
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Peptone ..... . iiiiririerrianenaes 1 per cent,
sodium chloride .........e..v00.. 0.3 per cent.
dibasic sodium phosphate ....,... 0.2 per cent.

The pH was adjusted to 7.8.

Ten-l1itre volumes of the liquid portion of the nedium
were dispensed in twelve-litre flusks and aterilized at
120°G¢. for 2} hours.

After sterilization the medium was lelft to cool and then
placed in an incubator room at 37°C. to attain the desired
temperature.

The same medium was used in 30 ml. gquantities in tubes
tfor growing the inoculum.

Before inoculation the pH wss adjusted to 7.4 with
sterile 40 per cent. NaOH, since sterilization usually csaused
& drop in the pH of the medium. A final concentration of
0.5 per cent. glucose was added in the form of a sterile
60 per cent. solution. After being inoculated with about
30 ml. of actively growing culture each, the flasks were
incubated at 37°C. for 17 hours.

Velues ranging from 38 to 57 Lf per ml. were obtained
by this method. Subsegquently the following attempts at

increasing the yield of toxin were made -

(a) Increasing the peptone content of the medium.

To test the influence of the peptone content of the
medium on toxin production an experiment was planned in
which the peptone content of the medium described above was
varied from 0.5 to 2.5 per cent. After adjustment of the
pH and addition of glucose the rlasks were inoculated with
actively growing culture and left to grow for 43 hours.

By this time active gas production had cesased.

The values obtained were as follows -
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Peptone content. Lf per ml.
0.5 per cent. 28.5
1.0 " 38.0
1.5 " 57.0
2.0 " 76.0
2.5 " 76.0

The conclusion that an increased peptone content up to
2 per cent. leads to un enhunced toxin production seenms
Justified.

(b) Finding the period of growth consistent with
maximal toxin production,

For this purpose a flask of the originul medium with
the incorporation of 2 per cent. peptone waa inovculated with

the experimental strain of (l. welchil Type B in the method

described and incubated at 37°C. Commencing at 3} hours
after inoculation, when profuse gas production was obvious,
samples of culture were withdrauwn &t 50 winute intervals,
clarified and their Lf value determined. al'ter 5% hours
of growth gas production had almost ceased and sumpling was

stopped. The following results were oblained -

Duration of growth. Lf per nl.
3% hours 76
4 n 10445
4 " 76
5 " 66.5
584 " 38

From the sbove duts 1t cun be concluded that the toxin
content of the calture fluid increases up to 4 hours after
inoculation but decreases subsequently. This phenomenon

was confirmed repeatedly snd in the experiments that
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followed the toxic fluid was regulurly harvested after
4 hours' cultivation,

(c) The presence of meal particles in the medium,

The production of toxin in liguid mediuxz with snd
without the addition of meat particles was compared. N
prepare the former sufficient meuat purticles, which had been
cooked for the preparation of the medium us described, were
placed in Tflasks to f1ill one-fifth of their total volume.
Then 8 litres of liquid medium were uadded. The control
flasks contalned ten litres of liquid medium oniy. In both
cases twelve-litre production flasks were used and the medium
contained 2 per cent. peptone,

Sanples were withdrawn after 4 hours' growth at 379¢.
and the Lf vualue of the toxin delermined, ¥rom Table 1V,
which summarizes the results of four separate comparisons, 1t
can be seen that higher yields of toxin were consistently
obtained in medium contualning meat purtiéles.

TABLE 1V.

THE COMPARISON OF TOXIN PRODUCTION
IN MERIUM “ITH AND WITHOUT MEAT PARTICLLS.

¥edium without meuat puarticles. | Medium with meat particles.

104.5 L per wul. 275 LT per mnl.
76 " 199 -
66.5 " 171 "
38 " 161 "

(d) The addition of glucose to the medium.

To follow the effecis on toxin production of the
addition of glucose to the madium & butch was prepsred con-—
taining 2 per cent. peptone and meut particles were added to
the contents of the production flasks as described in (c¢)

above.  Four flusks of medium were used contulning
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respectively O, 0.5, 1.0 and 2.0 per cent. glucose. A
sterile 60 per cent., glucose solution was added to the medium
after sterilization to give the final concentrations required.
The flasks were inoculated with 30 ml. of actively growing
culture each and incubated for 4 hours at 37°C. The
flocculation value of the culturea was then determined.

AB is shown in Table ¥V the addition of glucose
stimulates toxin production and the maximal effect is reached

with one per cent.

TABLE V.
THE INFLUERCE OF (GLUCOSE ON TOXIN PRODUCTIOR.

Percentuage glucose added. L per ml, attained.

0 285
0.5 380
1.0 427.5
2.0 427.5

(e) The sterilization of the medium.

The complete medium as developed in the steps mentioned,
except for the addition of glucose, was made up in twelve-
litre flasks and the contents of different flusks sterllized
at 120°C. for progressively increasing periodas. after
steriligution one per cent. glucose, which had been sterilized
by tyndallization, was added and inoculation and incubation

carried out as befors. The values of the toxic culture in

the different flasks are given in Table VI,
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TABLE VI,

THE INFLUENCE ON TOXIN PHODUCTION
OF STERILIZATION OF TIHE MEDIUM
AT 120°C. FOR VARYING PERIODS.

Period of sterilizaiion. Lf per ml.
30 minutes 427.5
1 hour ' 332.5
2 hours 332.5
3 hours 352.5
4 hours 237.5

A feanible explanation for the decrease in toxin pro-
duction with increased sterilization of the medium would
be that some essential growth factors are destroyed by
prolonged heating.

In the experiments described below sterilization was

carried out routinely at 120°c. for 13 hours since & shorter

period did not consistently yleld a sterile product.

(f) Varying the hydrogen-ion concentration of the medium.

Medium containing 2 per cent. peptone was prepared and
meat purticles were included in the flusks. The pH of the
medium in three flasks was adjusted to 6.6, 7.0 and 7.4
respectively. One per cent. glucose wus added snd
inoculation of the medium was carried ocut as usual. After
one hour's incubation at 379C. the pH of the three cultures
wus measured and reudjusted to the original level where
necesgary. This was repeated every 30 minutes until four
hours of growth had been completed. In every case the pH
dropped to the acid side during growth. The Lf vulues of

the cultures were determined and recorded in Tuble VII,
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TABLE VII.
THE PRODUCTION OF BEPTA TOXIN AT DIFFERENT pH LEVELS.

pH level. Toxin value.
6.6 350 Lt per ml.
7.0 - 522 "
7.4 427 n

Because of these results the effect of buffering the
medium at pH 7.0 was investiguted.

According to Glasstone (1953) a mixture containing a
proportion of 0.62 mole of Nu,HPO, to 1 mole of KH,PO, will
provide a buffer solution of considerable buffer capacity
around pH 7.0, The strength of the buffer is dependent on
the concentrations of the saltao. As a high concentration

of buffer salts (NaQHPO4 and KH,PO,) can inhibit the growth

2" 74
of a microbe, an expoeriment was carried out to find the
muximal smount of these salts in a culture medium that could
be added to permit good growth and maintain the desired pH.
Increusing uwmounts of the two salts in the same pro-
portion were added to twelve-litre flasks each containing 10
litres of medium which was prepared without the addition of
any electrolytes. Two per cent. peptone was included and
the pH checked arter sterilization. After the addition of
1 per cent. glucose the flasks were inoculated and the
growth harvested after four hours. The value of the toxic

filtrate in terms of Lf per ml. was determined for each

flask.
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From Table VIII can be seen that the addition of 28.1 gm.
Ru,iPO,.12H,0 and 13.6 gm. KH,PO, to 10 litres of medium
produced the beat results.

To investigate if the addition of but'fer as well us
adjustment of the pH during growth would produce even better
results & similar experiment was planned differing only in
80 far as the pH value of the growth wus adjusted to pH 7 at
2, 2¢, 3 and 34 hours respectively after inoculation of the

flasks.,

© University of Pretoria Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



TABLE IX.

THE EFFECT ON TOXIN PRODUCTION
OF THE PRESENCE OF BUFFER S8ALTS IN THE MEDIUM
AND REPEATED ADJUSTHMENT OF THE pH TO 7.0.

Flask Na,liP0,.12 H,0 KH,PO, (Lfééiﬁé
1l 35.1 gno. 17.0 g, 475

2 28.1 gn. 13.6 gm. 522

3 21  gm. 10.2 gm. 522

4 14 gm. 6.8 gm. 560

5 7  &nm. 3.4 gm. 475
Control -~ - 360

From the results obtuined with flusk No. 4 (3ee Table
IX) it cen be concluded that a higher yield of toxin cun be
obtained by maintuining the hydrogen-~ion concentrution of
the culture uas close to neutrullity as possilble.

In Table VIII the medium containing 28.1 gm. Ra,HPO,

KH, PO, huo produced the highest yleld of toxin

2" 74
while in Table IX the medium contuining exuctly half this

This

and 13.6 gm.

concentration of sualts has given the highest yield.
difference is explained by the fact that addition of NaOH to
the medium containing a high concentration of salts results
in an excessive concentration which is unfuvouruble to
bacterial growth.

On the evidence that the addition of glucose stimulated
toxin production but simultuneously lowered the pl of the
medium due to acid end products it wus felt that the addition
of concentrations higher than 1 per cent. to the buffered

medium should be investiguted. Horse meat broth was used

with the addition of the following ingredients -

cessseess 2 per cent.
«ee. 14 gm., per 10 L.

6.8 gm. per 10 L.

Peptone ........
Bu PO, . 12H50

m{2P04 ® 0 0 ® O 00 % B s GO L Sen

LR RN 2R IR
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Meat particles were udded to the contents of the flusks
88 deascribed.

Four flasks of medium were used containing respectively
0.5, 1.0, 2.0 und 3.0 per cent. glucose. During incubation
the pH of the cultures wus readjusted to 7.0 after 2, 2§, 3
and 3§ hours. After 4 hours' growth the Lf values of the
cultures were determined. The degree of toxicity in the
culture containing 1 per cent. glucose wus the same a8 in the
cultures containing higher concentrations, Xo advantage was
therefore gained by adding more than 1 per cent. glucose.

By applying the results of the experiments reported
above the following procedure wug adopted for the production
of beta toxin for experimental purposes:

Meat oxtract is made by boiling minced horse flesh in
water for 30 minutea (1 1b. of flesh to 1 L. water). To
10 L. of extract are added -

PepLONe. ... cvvvsacsoscanes.es 200 aa.

N8, HPO, 1200 cevenrensnnnasnn 28.1 gm.

2
RH PO, cenentonnenciianancnsns 13.6 gnm.

This medium is siphoned in 10 L. quantities into twelve-
litre flusks contuining the boiled meut particle residue
(about one--fifth by volume). The medium is sterilized at
120°C. for 1§ hours. After cooling the medium is trans-
ferred to an incubator at 379C. to attain the desired
temperature.

Tubes contuining about 30 ml. of the same medium &are
also prepared. They are used for growing the inoculum.

Before the production medium is inoculated its pH is
adjusted, Af necessary, to 7.0. Then a sterile 60 per cent.
glucose solution igs added to give a final concentration of
1.0 per cent.

Bach flask of medium is inoculated with 30 ml. of
actively growing culture and incubated at 37°C. for 4 hours,
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The liguid portion of the culture is collected, preserved
with 1: 5,000 merthiolate and stored at 49C. pending further
processing.

In apite of meticulous adherence to the described
procedure some variation in total yielid of toxin from batsh

to batch was experienced.

THE PURIFICATION OF BETA TOXIK.

Toxic cultures were clarified in a Sharple's centrifuge
and subsequent filtration by suction through a layer of
diatomaceous earth in a Buchner funnel. The toxin in the
filtrate was then precipitated by the addition of 40 gm. dry

ammonium sulphate to 100 ml. filtrate, sand leuving the mixture
overnizht. The protein precipitate settled to the bottom

under these conditions and & large portion of the clear
gupernatant liquid could be siphoned off without disturbing
the precipitate. The residual supernatant and the precipi-
tute were spun and the packed material in the bottom of the
centrifuge tubes dialyzed against distilled water at 4°9C.
until free of ammonium sulphate. The dialyzed toxin con-
cantrate was centrifugalized Lo remove insoluble material
and ita Lf value determined. The protein-nitrogen content
was determined by the Kjeldahl method uasing trichloracetic
acid as precipitant.

At this stage the toxin was ready for further purification

by one of the two methods described below -

(1) ammonium sulphate fractional precipitation.

In each of 6 x 100 ml. samples of concentrate at pH
5.5, 6.0, 6.5, 7.0, 7.5 and 8.0 respectively 15 gm. aumonium
sulphate wae dissolved. The pH was, where necesasary,
adjusted to the levels desired by the uddition of N NaOH ox
N HC1. The precipitates were collected 18 hours later and
2.% gm. ammonium sulphate sadded to the supernatants. The pH
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wag again adjusted where necesgsary. This fractionation was
continued until the further uddition of ammonium sulphate
produced no precipitation.

All precipitates were dialyzed free of ammonium sulphate,
the voliuwes of the concentrates measured and the Lf and
nitrogen values determined,

an exsample 0f the results obtained by this method of

fractionation is illustrated in Table X,

TABLE X.

RESULTS OF AMMONIUM SULPHATE FRACTIONAL PRECIPITATIOR
OF TOXIC FILTRATE.

Volume of original toxic filtrate ................ ceeees 14 L,
Value of original toxic filtrute ........0000.. 251 LT per ml.
Protein-nitrogen ......ceeevecsensesccsecnssss 0.5 mg., per ml,
Lf per mg. protein-nitrofgen ......ceeceeeeveccscccccaccas 903,
Volume of concentrated toxin adjuasted tec 1 litre after
dialyeis.

Volume of samples fractionsted .........ce0ceeencenas o 100 ml.
Kach sample represents a total of 351,400 LfL.

pH 5.5
Jolume Lr
?;;c;nggge after LY per wml. P.N. per ml. per
472774 dialysis amg. P.R.
15.0 8.0 ml. 40 0.061 mg. 670
17.5 10.0 ml. 101 0.310 mg. 324
20.0 6.0 mi. 905 0.300 nmg. 3,000
22.5 18.0 m. 1,006 0.270 nmg. 3,723
25.0 16.0 mil. 137 0.211 mg. 650
27.5 14.0 ml, 50 0.170 mg. 295

Total Lf recovered: 27,760
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pH 6.0
fggigggg§“ d:ﬁ%:?: Lf per ml. | P.N. per ml. ’ﬁﬁr
alysls mg. P.N.|
15.0 8.0 ml, 12 0.028 mg. 426
17.5 12.0 ml. 24 0.028 mg. 851
20.0 8.0 ml. 180 0.225% mg. 800
22.5 10.0 ml. 719 0.351 mg. 2,047
25.0 9.0 ml. 240 0.37 nmg. 647
27.5 14.0 ml. 48 0.324 mg. 148
30.0 13.0 ml. 24 0.33 mg. 72
32.5 8.0 ml. 24 0.292 ng. 82
35.0 10.0 ml. 12 0.171 mg. 70
37.5 3.0 nml, 12 0.086 mg. 138
Total Lf recovered: 12,269
pH 6.5
f§§2§g§8§° d:é%%iﬁ Lf per ml. P.N. per ml. ;gg
yusis mg. P.N.

15.0 24.0 ml. 121 0.304 mg. 397
17.5 13.0 ml. 121 0.225 ng. 536
20.0 4.4 ml. 62 0.291 mg. 213
22.5 8.5 ml. 2,098 1.66 mng. 1,264
25.0 20.0 ml. 1,357 0.979 mg. 1,385
27.5 10.0 ml. 741 0.390 mg. 1,898
30,0 24.0 ml. 121 0.460 mg. 263
32.5 12.0 ml. 49 0.280 ng. 175
35.0 32.0 ml. 25 0.121 ug. 206
37.5 14.0 ml, 12 0.058 nmg. 206
40.0 8.0 ml. 12 0.048 ug. 247

Total Lf recovered: 61,653
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H 7.0
?ﬁﬁi?:ggie d:g%gg%s Lf per ml. P.N. per ml. mg;ﬁg.n.
15.0 26.0 ml. 121 0.264 mg. 457
17.5 11.0 ml. 121 0.238 mg. 509
20.0 6.0 ml. 93 0.160 mg. 579
22.5 9.0 ml. 2,467 1.210 ng. 2,039
25.0 10.0 ml. 1,110 0.579 ng. 1,914
27.5 15.0 ml. 37 0.924 ig. 40
30.0 16.0 ml. 37 0.370 ng. 100
32.5 24.0 ml. 25 0.423 ng. 59
35.0 14,0 ml, 12 0.097 mg. 123
37.5 16.0 ml. 12 0.089 mg. 134
Totsl Lf recovered: 40,642
H 7.
Perosntage | Torler | ifporml. | M. porm.| per
4 dialysis mg. P.K.
15.0 4.0 ml. 24 0.289 mg. 83
17.5% 11.0 ml. 48 0.089 mg. 547
20,0 9.0 ml. 216 0.460 mg. 468
22.5% 12.0 ml. 477 0.140 ug. 3,406
25.0 12.0 nl. 178 0.217 mg. 818
27.5 16.0 ml. 60 0.343 ng. 175
30.0 16.0 ml. 48 0.320 mg. 149
32.5 14.0 ml. 48 0.294 nmg. 163
35.0 10.0 ml. 24 0.050 mg. 477
37.5 3.0 ml. 12 - -
Total Lf recovered: 13,104
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S W
pH 8.0
Percentage Volume Lf
(NH4)2804 disg;gia Lf per ml,. P.N. per nl. mg{)e;.ﬂ.
15.0 20.0 ml. 101 0.098 mg. 1,029
17.5 10,0 ml. 101 0.090 ng. 1,117
20.0 8.0 ml, 603 0.380 mg. 1,588
22.5% 10.0 ml. 1,106 0.342 ng. 3,254
25.0 20.0 ml. 201 0.160 mg. 1,251
27.5 8.0 nl. 251 0.232 mg. 1,092
30.0 6.0 ml. 40 0.180 ng. 223

Total LI recovered: 25,182

From the above results the following points become
clear -

(a) The toxic fraction of the filtrule is not precipltated
at one particular level of ammonium sulphate concentru—
tion, but over a range from 1% to 40 gm. per 100 ml,
This excludes ammonium sulphate fractional precipita-
tion from being & pructical method of producing a
toxin of higher purity on & large scule.

(b) The highest yield of totasl toxin recovered was in the
ecase of the sample fractionated at pH 6.5. This low
yield of 17.5% per cent. of the original further
excludes this method from practical application,

(¢) Taking the purification factor as

Rumber of Lf per mg. P.N. in purified fruction
Number of Lf per mg. P.N. in parent flltrate

the highest figure attained was at pH 5.5 1n the
fraction 20 to 22.5 gm. ammonium sulphsate per 100 ml.,

viz. 7.4.

(2) Purification of beta toxin by employing an acetic acid~
sodium acetate buffer.

In the course of an investigution into the effect of low
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pH values in solutions of known ionic strength on beta toxin
it was found that a high degree of purity was obtained at
certain levels,

By utilizing a nomogram for acetaute buffers (Boyd, 1945)
and the buffer tables drawn up by Green (1933) the following
sets of conditions were erffected in samples of the dialyzed
concentrated toxin solution -

(1) pH 4.8; 1lonic sirength 0.2

(2) pH 4.9; " " 0.35
(3) pH 5.0; " " 0.6
(4) pH 5.13 " " 1.1
(5) pH 5.2; " " 1.5
(6) pH 5.3; " " 2.0
(7)  pH 5.4; " " 2.4
(6)  pH 5.5; " " 5.6

Analytical grade chemicals were used. The protein-
nitrogen content of the concentrated toxin wus adjusted to a
constant level in the whole series, viz. 2.5 ng. per ml., and
the distilled water used for the dilution to this level was
siumultaneously employed for dissolving the cslculated
quantities of sodium acetate and acetic acld before addition
to the toxin.

After the addition of the acelate and acetic acid the
pH was checked and, if necessary, adjusted to the required
level with 40 per cent. NaOH solution or concentrated acetic
acid.

The samples of toxin solution were then left at 49C.
overnight during which time a precipitate formed. After
centrifuging the precipitate was discarded sand the pH of thg
supernatant adJjusted to 7.0. The flocculation value and the
protein-nitrogen content of the supernatant were then
determined. This purification procedure is illustrated by

the following example -
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Value of crude toxin ............. c-eee 251 LT per ml.
Degree of purity of crude toxin.. 393 Lf per mg. P.N.
F.N. content of samples .............. 2.5 mg. per nl.

pH Ionic strength, Lf per ng. P.R.
4.8 0.2 827
4.9 0.35 1,233
5.0 0.6 l,g?Z
501 lol 2) 7
2.2 1.5 6,286
¥, 2.0 5,029
5.4 2.4 4,373
5.5 5.6 479

At pH 5.2 and ionic strength 1.5 the purest product
wua obtained, viz. 6,266 Lf per mg. P.N. showing a purifica-
tion factor of 15.9 over the crude toxin.

In this particular case the ammonium sulphate precipi-
tation which preceded the purificatlion was responsidble for a
loss of 23 per cent. of the original toxin. The purification
by means of the buffer at 4°¢., however, did not cause any
reduction in the flocculation value of the concentruted toxin.
The conclusion appears to be Justified that at pH 5.2, ionic
strength 1.%, a large proportlion of the non-toxin protein was
precipituted, leuving the toxin in solution. Hence the
purification.

The advantages of this method over fructional armonium
sulphate precipitation as a method f'or large scale productlon
of & purer toxin ure obvious.

By starting with a crude toxic filirate of higher
purity, i.e. 1,036 L? per mg. P.N. an end product contalning

7,396 Lf per mg. P.N. was obtalned by this method.

THE KEEPING QUALITIES OF BETA TOXIN.

For the determination of the stability of liguld beta

toxin & toxic culture was clarified as described (vide supru)

and its Lf value established,
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One hundred ml. samples were withdrawn and their pH
adjusted to 5.0, 6.0, 7.0 und 8.0 respectively. After the
addition of 1 per cent. toluol the samples were left in an
incubator at 37°C. and at weekly intervals their LI values

were determined. The results are recorded in Table XI.

TABLE XI.

THE KEEPING QUALITIES OF BETA TOXIN
AT DIFFERERT pH LEVELS.

Original Jalue after Value after
pH value o
Lf/hl. 1l week 2 weeks
5.0 427.5 38.0 38.0
6.0 427.5 228.0 152.0
g.o 427.5 133.0 76.0
) 427.5 135.0 38.0

In general the deterioration of beta toxin at 37°9C. is
very rapid but after 2 weeks it wus obvious that pH 6.0 had
the least detrimental influence. On the strength of this
observation a&n experiment wus srranged in which the pH of a
clarified toxic filtrate wus adjusted to 6.0, and 100 ml,
samples were kept at 4°C., 20°C., 30°C., and 40°C. respective-
ly after preservation with 1 per cent. toluol. The Lf value
of the original filltrate wuas determined and the individuual aam-

ples were flocculated at the intervuls indicated in Table XII.

TABLE XII.

THE KBEEPING QUALITIES OF BETA TOXIN
AR DIFFERERT TEMPERATURLS.

3torage Original | 7alue uafter | Value aftsr | Value after
temperature | Yglue 1 week 2 monthe 3 months
L /m1.
4°¢. 304 304 266 247
200C. 304 266 247 247
}000. 304 209 202 EOg
407¢, 304 152 3 3
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These results point to the existence of u roughly
inverse relationship between the stability of bets toxin
and its storage temperature.

The opinion of Weinberg, Nativelle and Prévot (1937)
that beta toxin 1s labile 18 confirmed by the above two

experimentas,

THE TOXOIDING OF BETA TOXIN.

In view of the labile nature of liquid beta toxin,
procedures for detoxification were investigated with the
object of finding one which would result in minimal
destruction. The point at which toxolding was regarded us
complete was reachsed as soon as 0.2 ml, of the filtrate
failed to kill 18 to 20 gm. mice injected intravenously.
Commencing the day alter a particular wmethod of toxoiding
was applied to s solution the test was carried out daily,
and since the lethal action of beta toxin ie rapid the result
could be known within two hours.

Eaton (1937) working with purified diphtheria toxin
used hexamethylene tetrumine to effect an extremely slow
liberation of formaldehyde in the presence of the toxin thus
eliminating the destructive influence of free formaldehyde.
An salkaline pH accelerated the proceas which was carried out
at 359C.

S8ince beta toxin is unstable at alkuline pH levels
(Teble XI) a solution of toxin containing hexamethylene
tetramine was adjusted to pH 7.0. Both a concentration of
0.5 and 1.0 per cent. of this compound was uged at 30°C. and
379¢. As soon as the solutions were atoxic thelr untigen

content was determined by flocculation and the results

recorded in Table XIII,
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TABL) XIII.

TOXOIDING OF BETA TOXIN
BY THE ACTION OF HEXAMETHYLENE TETRAMINE.

Temnp. Originul Time taken for Final
Percentuge Oc. value. | toxoiding. value.
1.0 37 228 Lf/ml. 8 days 38 L/ml.
0.5 37 " 8 days 28
1.0 30 " 19 days 76 v
0.% 30 " 19 days 76 "
!

Frorm the above can be concluded that incressing the per-
centuge of hexumeltnylene tetramine from 0.5 to 1.0 per cent.
has no deleterious effect on betu toxin but that un increuse
in teuperature from 30 to 37°C, reduces the units of untigen
considerubly in spite of the longer incubation &t the lower
temperature.

Hexamethylene tetruumine was not investiguted further
because, as Table XIII shows, it destroyed antigen
conslderably.

Goldie (1937) investigated the action of ketene on

Corynebncterium diphtherlae toxin. Working with crude toxic

filtrates and filtrates purified by dialysis, he reported
that expusure to ketene destroyed & large proportion of their
toxicity without affecting the LL value., The loss of
toxicity was proportional to the percentage of primary umino-
groups blocked by the ketene. “hen, however, the treatment
was continued until all toxicity was lost the L value wus

reduced to nil.

Employing the methods described by A.M. Pappenheiner Jur.
(1938) a clarirfied beta Loxic filtrate wus exposed to the
action of ketene for varying periods., One litre of filtrate
in a thin cellophsane saussage cusing wus suapended in ten

litres of u 3M sodium acetate solution which acted as buffer.
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Ketene was bubbled through asparger placed in the bottom of
the cellophane bag and the buffer outside the bug was stirred
continuously by an electric astirrer. During the reuaction
period the pH inside the bag never fell below pH 6.0. After
bubbling for 10, 20 and 30 minutes reapaectively, samples were
withdrawn and dislyzed against distilled water at 4°C., The
sumples were tested for the presence of ucetate by neutrul-
1zing a small volume with excess 0aCO5 powder, filtering und
then adding a FaCl3 solution to the filtrate. ‘“hen positive
& reddlish brown colour developed due to the formation of a
complex iron acetute, When free from scetute the Lf and
toxicity of suach suanmple were determined, The results are

given in Table XIV.

TARLE XIV.
THE TOXOIDING OF BETA TOXIN BY EXPOSBURE 70 KETENE.

Period of exposure ’
to ketsns. Lt/al. Toxicity.
0 304
10 minutes 218.5
20 " 76
30 " 28.5 -

meaning lethal for mouse in dose of
0.2 ml. intravenously.

The considerable reduction in antigenic value following
an insufficient exposure to effect complete detoxification

excludes this method &8 & practical means of toxoiding beta

toxic filtrates.

Because the above mothods offered no distinct udvuntages
over the use of formalin, it wua decided to determine the

conditions under which formolizing was leust destructive to

beta toxin. Por this purpose a c¢larified toxic filtrate

was used contaeining -

© University of Pretoria Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



Non-protein-nitrogen ............ ces 7.28 mg. /ml.

Protein-nitrogen .......... ciereiens D.64 ng./ml.

AMANO-NILTOZeN vvviiireeenrnnencnans 0.78 mg. /ml.

and 399 Lf/ml.

The smino-nitrogen content was deterwined by the copper
nethod of Pope and Stevens (1939),

Volumes of 500 ml. were measured into sepuarate
Erlenmeyer flasks. The contents of groups of 5 flusks was
ad justed to pli 5.0, 6.0, 7.0 and 8.0 respectively.  kEnough
37.0 per cent. formaldehyde sclution wus added 80 that in
euch group the fluske of filtrate contained a finul concen~
tration of .5, 0.6, 0.7, 0.8 und 0.9 per cent. formaldehyde
respectively. ~11l flusks were pluced in un incubator at
370C. und the detoxification of the filirutes tested duily.

¥hen 0.2 ml. (mwouee iv.) was not lethal, the LI wus uscertained,

The results ure recurded in Table XV.

TABLE XV.

THE LFFECT OF DIFFERENT CONCENTRATICGNS OF FOREALDEIYDE
OR BEWA TOXIR
AT VaRIOUS pH LEVELS.

pH level
5.0 6.0 7.0 8.0
Percentuge
Formauldehyde
e.5 114 Rot detoxi- 190 209
(33 duys) | fied after | (35 days) | (11 duys)
2 months
0.6 152 | Hot detoxi- 228 209
(19 days) | fied after | (23 duys) | ( 8 days)
2 months
0.7 228 228 190 | 171
( 9 days) | (35 days) (17 dsys) | ( 5 days)
0.8 228 266 190 171
( 6 duya) | ( & days) ( 9 dsys) | ( 4 days)
0.9 266 266 152 133
( 5 days) | ( 6 duyas) ( 4 days) | { 4 days)

(Unbracketed Pigs. = Lf/ml.; 19 days, 9 duys, etc. = doy on
which sample was non-toxic).
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By repeuating the experiment with three different toxic
filtrutes simlilar results were obtained ullowing the following
generulizations Lo be rude:

(1) Detoxification takes place more slowly at pH 6.0 than ut
the other levels tested but less destruction of
antigen ensues.

(2) An increase in the percentage formelin up to 0.9 per cent.
results in increasingly rapid detoxification at pH 5.0
and 6.0 with less destruction of antigen at the higher
concentrations,

(3) At pH 7.0 and 8.0 8 higher percentuge of formalin causes
wore rapid detoxification but increased destruction of
antigen takes pluce at the higher concentrations. This
effect 18 more pronounced at pH 8.0 than at pH 7.0.

Since the best results were obtuined at pH 6.0 the
detoxificution of betu toxin at this pH level waus investigated
at different temperutures, For this purpose 500 ml.
quantities of the toxic filtrate used in the previous
experiment were measured into three flasks. Formalin to give
a final concentration of 0.8 per cent. formauldehyde wus audded
to each, the pH was adjusted to 6.0 and the flasks incubated
at 30°9C., 359C. and 40°C, respectively.

The results are recorded in 'fable IVI,

TABLE XVI.

THE EFFECT OF FORMOLIZATION AT DIFFERENT TEMPERATURES
ON BETA TOXIR.

Temperature Oriﬁinnl value |Yulue after toxoiding (Time taken

Le/ml.) (Lf/ml.) (Days)

30°¢. 399 290 10
350¢. 399 290
40%¢, 399 290 3

From the above table can be meen that 75 per cent. of
the original antigen wus retained in the process of toxoiding
at each of the three different temperatures but that the time
taken at the lower temperatures wus considerably longer than

at 40°c.
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For the formolization o toxic filtrutes used in the
experiments described below u concentrution of 0.8 per cent.
formuldehyde per 0.78 mg. umino-nitrogen per ml. was employed

ut pH 6.0. Toxolding wug effected st 5700.

THis SORMOLIZATION OF PURIFILD PUAIN.

For the toxoiding of purified toxin the conditions found
moat favourable in the case of 4 crude toxic filirute were
employed, viz. pH 6.0 and 379C.

The optimsl concentrution of formaldehyde had to be found
however, since the amino-niitrogen content of the purified pro-
duct wuas considerubly lower thun that of crude toxin. The
results recorded in Table XVII illustrute the effect of
increusing percentagses of formwldehyde on purified toxin
(toxoiding wus tuken s compleie when (0.2 mi. injected intra-

venously fauiled to kill mice).

TABLE XVII,

THE INFLUZBCE OF IHCREASIRG PERCERATAGES OF RORMALCEHYDE
OR PURIFIED BETs TOXIN.

Flocculution Value: 910 Lf per ml.
Purity. 5,200 Lf per mg. P.N.
smwino~unitrogon content: 0,224 mg. per ml.

f§§;§§§§§§ge rggggggd Floe. vulue Pu£§;§géfPt§xoid
sdded toxolding toxoid « el
0.1 10 days |Less than 10 Lf/ | ot determined
0.2 10 " " e "
0.3 w0 v "
0.4 6 754 L#/ml. 4,715
0.5 6 - 754 " 4,024
0.6 2 = 251 " 1,572
0.7 2 251 ¢ 1,257

¥ith concentrations of 0.1, 0.2 and 0.3 per cent.

formaildehyde incubation hud to be coantinued for 10 days before
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the toxin lost its toxicity. In the process, however, the
antigen was completely destroyed.

In the range of formaldehyde from 0.4 to 0.7 per cent.
the higher concentrations effected toxoiding in a shorter
period but were responsible for an increased destruction of
antigen and a decrease in purity of the final toxoid. A

concentration of 0.4 per cent. formaldehyde was optimal.

THE KEEPING QUALITIES OF BETA TOXOID.

Since the rate of deteriorution of a toxoid determines
the useful life of a prophylactic prepared from it, u study
of the stability of beta toxold was made.

Filrstly, volumes of 500 ml. of formoligzed toxic filltrate
were kept in an incubator at 37°C. after adjustment of the
pH of individual quantities to %.0, 6.0, 7.0 and §.0 respec-
tively. The flocculation value of the toxoid was initially
determined by blending with toxin and subsequently at inter-
vals a8 indicated by Tauble XVIII,

TABLE XVIII.

THE EFFECT OF STORAGE AT DIFFERENT pH LEVELS
ON BETA TOX0ID
( VALUES RECORDED AS Lf/ml.)

pH Ig:i&zl 1 woek | 3 weeks | 6 weeks | 12 weeks | 16 weeks
5.0 247 247 247 133 133 76
6.0 247 247 247 171 152 1l4
7.0 | 247 247 209 152 152 114
8.0 | 247 247 171 76 76 38

There was little, if any, difference in the stability
at pH 6.9 and 7.0, both of which arxe more favourable than
higher or lower values. On this evidence and for reasons
discussed under "precipitation of the crude toxoid by

potassium alum’ (vide infra) pH 6.0 was chosen for further
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studies on the stability of the toxold at varying temperatures.
Before elaborating on this aspect, however, the influence of
neutralizing the excess formaldehyde (by means of sodium-
méta~-bisulphite) on the stability of the toxold should be
indicated. For the detection of free formaldehyde 0.3, 0.4,
and 0.5 per cent. respectively of sodium-meta-bisulphite (in
10 per cent. solution) was added to 10 ml. sumples of toxoid.
The mixtures were left at room temperature for 30 minutes and
then 1 ml. of a 5 per cent. alcoholic solution of Dimedone
(Hopkin and Williems, Ltd.) was added to each. In the tubes
with free formaldehyde a white precipitate formed and from the
reactions in the series of three tubes the quantity of sodium-
meta-bisulphlite required for addition to the original toxoid
could be calculated. After neutralization of the excess
formaldehyde 1 per cent..toluol was added as preservativse.
From an experiment run concurrently with the one last
described the results ut pH 6.0 sre given in Table XIX for
comparison and they leave no doubt that the keeping qualities

of the toxoid are improved by neutralization of excess

formaldehyde.

TABLE XIX.

THE EFFECT QF NEUTHALIZING EXCESS FORMALDEHYDE
ON THE STABILITY OF BETA TOXOID.

Excess formaldehyde Excess formaldehyde
Interval neutralizedly not neutralized
0 247 Lf/ml. 247 Lf/ml.

1l week 247 " 247 "

3 weeks 247 " 247 "

6 209 " 71
12 " 190 " 152 "
16 " 152 " 114 "

Secondly, the inf'luence of prolonged storage of liquid
toxoid at pH 6.0 at temperatures of 49C., 30°C. and 37°C. on
its atability was inveatigated. After neutralization of

excess formaldehyde in the bulk liquid toxoid toluol was
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udded to a finul concentration of 1 per cent. and 200 ml.
quantities put into sterile bottles ror storuge at the
different temperaturas, The bottles were closed wilh rubber
stoppers to prevent loss of preservative snd concentration of
the toxoid by evaporation,

The flocculation value wus determined 1pitially and agsin

at intervuls as indicated by Table X,

TABLE XX.

THE KESULT OF STORING BET.L TOXOID
AT DIFPERENT TEMPERATURES AT pH 6.0

(The numbers in the columns indicate Lf per ml.)

————— b am o e - ————

. |originall 3 6 9 12 15 18 21
TexpPe | yulue |mthse.|wvths. |wths. |mths.|mtha.| mihs.|mths.

e sttt w———— i, s - -

4°%.| 171 142 | 133 1335 | 133 | 133 95 76

e

36YC.| 171 142 | 133 114 76 57 0 0

370¢.| 171 142 95 76 38 38 0 0

+ oo}

The results show that after one year 23 percenl. of the
antigen at 4YC, 1g loat, 56 per cent. ut 3u°C. wnd 78 per cent.
at 37 C. These deta have thelr pruciicul application in the
determination of the expiry period of u prophylactlic in
relution to its beta toxcid coxztent. Tae 30°C. level wua
chosen intentionully us representing & temperuture slightly
higher than that to which u prophyluctic would be exposed

uander South africun field conditions.

ALUM PRECIPITHTICH OF BETA TOXOID.

AR wluw precipitute of u diphtheria texoid hus been
ashown to ve u better antigen than liguild toxoid (Glenny,
Battle anua stevens, 1931; Glenny snd Barr, 1931, Glemny,
1930; Holit, 195%0). S4milur conclusions were uarrived at in
the cuse of tetunus toxoid (Glenny, 1930; Pillemer,

Grossberyg and -~ittler, 1946), U1, welchii epsilon toxoid
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(Thomson and Batty, 1953; Muth and :orrill, 1946) and Cl.
chuuvoel anaculture (J.R. Scheuber: personal communication).
Levine, Stone and “yman (19%%) working with diphtheria and
tetunus toxoids astated that the effect of an alunminium

ad juvunt depended on the absorption of toxoild on the surface
of the precipitate. 3ince there uppsared to be no reason
why the position should be different in the cuse of betan
toxoid, an experiment wus plunned to determine the conditions
under which the largest quantity of u toxoid 1s removed from
solution by alum precipitation.

The flocculation value of a toxoid prepured from a
clarified toxic filtrute was found and 500 ml. quantities were
meusured into sepurate flasks, To groups of three flusks
each & sterile 7.5 per cent. potassglum—alum solution wus added
with gterile precautions to give final coucentrations of 0.5,
1.0, 1.5, 2.0, 2.5 and 3.0 per cent. alum respsctively per
&roup. The pH of the material in the first flssk of ecuch
group waa adjusted to 5.0, the second to 6.0 snd the third to
7.0. After the mixtures had been left ut room teuperuture
overnight (following the method of Barr, Pope, Glenny und
Linggood, 1941) a sumple from sach flask was centrifuged until
the supernatant was clesr. The flocculution value of the
supernatant from every sample wus then found and the results
recorded graphically in Fig. IV. Corrections were mude for
the dilution effected by the uddition of the concentrated

aluam solution.

From Fig. IV it can be seen that the precipitution of
toxoid at pH 5.0 is more complete than at pH 7.0. At all
pH levels the smount of toxoid precipitated increases with

the increasse in concentration of alum.

© University of Pretoria Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



percentage alum

D

0 o« ©® 0
o)
e L o o * 2 =
N N -
37
rIG, IV.

GRAPH SHOWING THE Lf YALUES OF THE SUPERNATANT OF A TOXOID
AFTER THE ADDITION OF INCHEASING CORCERTRATIONS OF POTASSIUM
ALUM AT pH 5.0, 6.0 AND 7.0 RESPECTIVELY.

For the preparation of un alum-precipitated toxoid to be
used in the experiments sbout to be recorded a concentration
of 1.5 per cent. alum at pH 6.0 was selected. This con-
centration is as effective as 2.0 per cent., while mixtures
containing more alum cause severe lameness when they are
injected into animalas. A pH value of 6.0 favours the
storage properties of beta toxoid while an alum precipitate
at & level below pH 6.0 causes pain when injected

~ subcutaneously or intramuscularly (Levine et al., 1955).
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THE PRODUCTION OF AN IMMUNRITY AGAINST BLTA TOXIN.

Experimentul Animuls.

Sheep were chosen as experimental animals 80 that the
results could be applied directly to antigen production for
large scule immunization in the field. The snimuls were
obtained from a lumb dysentery-free area and had not been
immunized ugainst the disease. However, so that none be
included that had developed a natural immunity, only those
were used whose sera, in a dose of 0.2 ml., did not neutrulize
1 minimal reacting dose qfvbota toxin tested intracutaneously

in rabbita,

Preparation of the Antigen.

The toxoid was prepared from a toxic fllirate und was
diluted with broth so that 2.5 ml., the dose chosen for
immunigation purposes, would contain the desired number of Lf.
Potasaium alum, in the form of a 7.5 per cent. solution was
added to make & 1.5 per cent. concentration and the pH
adjusted to 6.0. When toxoid without alum was used it was
diluted in broth so that 2.5 ml. contained the required
number of Lf and the pH was adjustea to 6.0.

The sheep were bled r'ive times at weekly intervals.
The first sample was taken seven days after the injection
where one injection only wus given and seven days after the
second injection where two injections were given,

It 18 generally wccepted that the logarithm of the
individual antitoxin titres, rather than the titres them-
selves, are normally distributed in & group of animals
responding to a dose of toxold; and in the exporimenis
reported below the logarithma of the titires recorded in the
tables were used for graphicul representation and
gtatiatioal analysis.

A comparison of the mean log titre and the log median

titre for the groups of animals for which the former could
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be calculated showed, as could be expected, a reasonably
close agreement. The log mediun titre was thus accepted
for graphicul recording in the case of groups for which no
mean log titre could be calculated because one or more of
the individual titres was recorded as 0.

Irmunity produced by & primary stimulus of slum-precipitated
toxoid and of liquid toxold.

For the comparison between the immunity produced by
alum-precipitated beta toxoid (APT) and liquid toxoid six
groups of ten sheep were used. Three groups received
injections of 50, 100 and 200 Lf respectively of APT and
the remaining groups received injections of 50, 100 and 200
LY reaspectively of 1liquid toxoid.

The results sare recorded in Table XXI,
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TJ‘\BLI.;‘ ul .

IMBUNITY PRCDUCED BY i PRIMAKRY 37IUULUS
OF uPT aND OF LIQUID TOXOID.

islum~precipituted 41thout alum
Dose
3heep Sampling times Sheep Sampling times
No. in weaks No. in weeks
1 2 3 4 5 12 3 4 5
5S¢ Lf| 1 |0 5.7 2.6 1.8 1.2 1 (00 0O 0 ©
2 |0 40 12.3 10.0 2.6 2 |00 ©o 0 0
3 o0 4.0 1.6 1.0 0.8 3 oo 9o 0 0
4 (0 0.2 0.4 0.6 0.4 4 loo O 0O 0
5 |0 1.3 2.0 2.0 1.3 ? 00 0 0 0
6 |0 0.4 0.2 .8 0.4 » oo L 0 0
g 0 4.0 1.6 1.0 0.6 Z 00 0 0 0
O 4,0 4.0 4.0 2.6 00 0 0 0
9 10 5.7 4.4 10 2.0 9 |00 ¢ 0 ©
10 10 4.6 4.0 8.0 2.0 )10 (00 ©0 0 0
1 2 3 5 12 3 4 5
100 L[ 1 (0 20 20 13.3 8.0 1 (006 0 0.40
2 |0 1.6 1.1 1.0 1.0 2 00O .2 0.2 0.1
5 10 40 40 26 20 3 100 .10 0
4 |0 0.8 4.0 1.3 0.8 4 [0 0.22.120 0O
5 |0 4.0 3.3 2.6 2.0 5 6o 0 0 0
6 |0 4.0 3.3 2.6 2.6 6 o 0o v 0
g 4 40 20  13.3% 10 g G 1.0 1.0 1.3 0.
0 4.0 4.0 2.0 1.0 00 O O 0©
g 0 1.6 ¢.8 ¢.8 0.4 9 |0 0.4 0.20 0
1IC [0 0.2 0.8 0.8 .4 ] 10 |0OC.4021C O
1 2 3 5 12 3 4 5
200 Lf| 1 [0 133 40 4C 20 1 |0 0.1 0.4 ¢.2 0.1
2 |0 .6 1.3 1.3 u.b 2 (020 8.0 5.7 4.0
3 |0 20 13.3 5.0 6.6 3 10 0.4 0.4 0.4 0.2
4 |0 13.313.3 B.¢c 8.7 4 [00.40 0 ©
5 [0 5.0 4.0 5.0 5.0 5 o ©0 ¢ O
6 |0 10 5.7 3.3 2.6 6 |01 0 0 O
0 5.0 5.0 5.7 4.0 Z Ouw U 0 0
g 0 20 20 20 13.3 ¢ O 0.4 2.0 0.6 0.4
9 0o 49 20 20 13.3 9 |0 0.2 C.2 0.1 0.5
10 |0 6.6 4.0 3.3 2.6 | 10 |0 0.2 0.2 0.2 0.2

The conclusion to be druwn from the resuits givén in
pable XXI 48 that ~PT is u much better antigen, LT per LT,
than liguid toxoid. "his holds for the three doses, 50 Lf,

100 LT and 2C0 LY, given.
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49 L]

Irmunity response to & primury stimulus of graded dosea of »PT,

Huving shown that APT is a better antigen thun liquid
toxold experiments were curried out with APT in an attenmpt to
obtuin 8 graded response. Sheep, in groups of 20, recelved
6.25, 25, 50, 100 and 200 LT APT respectively und were bled
and their sera usgsayed for antitoxin at the Limes shown in

Tubles XAITI to LXVI.

TuBLE AXIX.

6.25 Lf.
Sumpling times in weeks
Sheep No.

1 2 3 4 5
1 o 6.6 8.0 6.6 4.0
2 1o 0.4 0.4 0.3 0.2
3 0 1.3 2.0 2.0 0.6
4 0 0.4 1.3 1.0 0.4
5 0 5.0 8.0 5.0 4.0

6 o 0.2 0.1 0 0
7 O 0.4 0.6 1.0 1.3
8 0 0.1 0.6 9.6 .4
9 0 0.1 0.6 0.4 0.4
10 0 1.0 0.3 0.5 0.5
11 0 2.0 5.0 4.0 2.6
12 0 0.1 0.2 0.1 0.2
i3 ¢ 2.0 4.0 2.6 1.3
14 0 1.0 4.0 8.0 4.4
15 0 2.0 4.0 2.6 2.0

16 O 0.4 0.1 0 V)
1 0 5.0 2.0 2.0 1.3
1 0 5.0 13.3 5.7 4.0
19 0 2.6 1.0 0.6 1.0

20 0 0.9 0.2 0 0

0 1.0 1.1 1.0 0.95 #edian
0 0.0414 O ~0.0223 | Log mediun

© University of Pretoria Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



50.
TaBLE AXIII,
25 Lf.
T
Sampling times in weeks
Sheep No.
1 2 3 4 5
1 0 0.1 1.3 1.3 0.5
2 0 0.2 0.8 0.6 0.6
3 0 0.4 2.0 1.0 0.5
4 o 0.1 eU8 0.2 0
5 0 5.0 5.0 2.6 2.0
6 0 0.5 0.8 1.3 1.0
7 Q 0 0 J.2 0.4
5 0 0 0 0.1 ¢
g 0 6.6 5.7 6.6 2.0
10 0 13.3 4.0 1.3 2.0
11 0 5.0 3.3 2.0 1.3
12 ¢ 1.4 4.0 2.0 1.0
13 0 13.3 2.0 2.0 1.1
14 0 13.3 10 4.4 4.0
15 0 6.6 5.0 3.3 2.4
16 0 5.0 4.0 2.0 1.3
1 0 1.1 0.5 0.2 0
1 0 0.2 0 0.2 0
19 o 0 0 0.1 0
20 0O ¢ o 0 0
0.9 1.7 1.3 0.6 Meuian
~0.04%85 0.2304 0.1139 =0.0969| Log mediun
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TABLE XXIV.

50 Lf.
Sampling times in weeks
Sheep Ko.
1 2 3 4 5
1 0 5.7 2.6 1.8 1.2
2 0 40 12.3 10 2.6
3 0 4.0 1.6 1.0 0.8
4 0 0.2 0.4 0.6 0.4
5 G 1.3 2.0 2.0 1.3
6 0 0.4 0.5 0.8 0.4
g 0 4.0 1.6 1.0 0.6
0 4.0 4.0 4.0 2.6
9 0 5.7 4.4 10 2.0
10 c 4.0 4.0 6.0 2.0
11 0 0.1 0.4 0 0
12 0 2.0 1.6 1.2 0.6
13 0 2.0 2.0 4.0 1.0
i4 0 0.1 0.1 0 0
i5 U 4.0 8.0 1.0 0.6
16 0 2.0 1.6 0.8 0.3
17 0 0 0.4 ) 0
18 0 0.4 1.3 4.0 1.3
19 0 40 20 4.0 2.0
20 0 4.0 4.0 4.0 1.6
3.0 2.0 1.6 0.9 Median
0.4771 0.3010 0.2041 ~0.0458 Log mediun
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TaBLE XXV.

100 Lf.
Jsumpling times in weeks
3heep Ho.
1 2 3 4 5
1 o 20 20 13.3 8.0
2 0 1.6 1.1 1.0 1.0
3 0 40 A0 20 20
4 0 0.8 4.0 1.3 0.8
9 0 4.0 3.3 2.6 2.0
6 0 4.0 3.3 2.6 2.6
g 4 40 20 13.3 10
0 4.0 4.0 2.0 1.0
9 0 1.6 0.8 0.8 0.4
10 0 0.2 0.8 0.8 0.4
11 0 4.0 2.6 1.6 0.8
12 0 5.0 1.1 0.1 0
13 0 6.6 5.7 5.0 5.0
14 ¢ 0 4.0 2.6 1.6
15 0 1.0 5.7 6.6 2.6
16 0 4.0 1.3 1.0 2.0
1 0 4.0 5.0 20 6.6
1 ¢ 1.0 0.% 0.8 0.4
19 0 6.6 4,4 10 6.6
20 0 1.3 1.6 2.0 2.0
4.0 3.5 2.6 1.8 Median
C.6021 0.518%  0.415(:  0.2553| Log median.
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T&hBLE HVIQ
200 LE.
Sunmpling times in weesks
Sheep Ro.

1 2 3 4 5

1 0 133 40 40 20
2 0 2.6 1.3 1.3 0.8
3 0 20 13.3 6.0 6.6
4 0 1%.3 13.3 5.0 5.7
5 0 5.0 4.0 5.0 5.0
6 0 10 .7 3.3 2.6
g 0 5.0 5.0 5.7 4.0
0 20 20 20 13.3
9 0 40 20 20 15.3
10 0 6.6 4.9 3.3 2.6
11 ¢ 10 5.6 6.6 6.6
12 0 13.3 10 6.6 2.6
13 0 20 15.3 10 8.0
14 0 13.3 10 6.6 4.4
1 0 5.0 4.0 2.6 2.0
1 0 10 5.0 5.0 3.3

1 0 13.3 40 20 20
1 0 20 13.3 10 6.6
19 0 5.0 2.0 1.6 0.5
20 0 20 20 8.0 5.7

13.3 10 6.6 5.3% Median
1.1239 1.6 0.819% 0.7284 |Log redian.

An exsamination of the data in these tablea reveuls u

murked difference in individuusl response to the suwe wniigenic

atimulus.

These results are gruphicully represented in Fig. V.
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For reusons already stuted the log medisn titre was uned
for the graphicul representution shown in Fig. V. From this
gruph it ocun be seen thut un increuss in the dose results in
an increusused response.

For doses of 50 LI, 1C0 L snd 200 Lf the observed
muximum response occured at the second week while for doses

of 6.25 Lf and 25 Lf &t the third week.
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The imrsunity response ufter two injectiouns of 4PT ut one
week's intervul.

In this experiment groups of ten sheep were given
injections of 6.25, 25, 50, 100 and 200 Lf respectively wnd
aguin seven days later.

The results are recorded in Tables AXVII to TIXI.,

6.25 Lf.
Surmpling times in weeks
after secondary stimulus.
1l 2 3 4 5
1 0.2 1.5 1.3 1.0 O.g
2 2.6 2.6 2.0 1.0 O.
3 0.1 0.1 2.0 0.2 0.4
4 1.0 4.0 2.6 1. 2.0
5 \J.l U.l 004 'v.)a4 ().2
6 4.0 4.0 2.0 1.0 D4t
y 2.0 2.0 3.3 4.0 2.0
é 5.0 2.0 2.6 1.6 1.6
9 1.3 6.6 6.6 4.4 3.3
10 4.0 6.6 4.0 2.6 2.0
deun 1og o ,
titre 0.703% 0.1974 0.3391 0.1370 -0.0269
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TnBLE XXVITI.
25 Lf.
Sampling itimes in weeks
after secondury stimalus.
3heep RNo,
1 2 3 4 5
1 13,3 13.3 8.0 5.0 5.g
2 4’00 4.0 4-0 1.() 0.
3 40 20 10 6.6 5.7
4 8.0 13.3 10 5.7 4.0
2 4.0 5.7 40 4,0 3.3
0.2 1.3 0.8 0.5 0.6
g 5.7 5.7 4.0 2.0 3.3
5.0 2.0 2.0 2.4 1.3
9 2.0 1.0 2.0 0.6 0.6
10 40 10 10 6.6 4.0
Beun log
titre 0.7492 0.7078  0.721% 0.3555 0.3326
0. BLE XXIX.
50 L.
(
Sumpling times in weeks
ufter seconuary stimulus.
Sbecp No.
1 2 3 4 5
1 0.8 2.0 2.0 2.0 1.0
2 4.0 4.0 4.0 4.0 2.0
3 4.0 2.0 2.0 C.6 G.6
4 4,0 4.0 4.0 4.0 4.0
5 1.3 2.6 10 1.2 0.8
6 40 7 26.6 20 20
g 40 9) a0 20 8.0
400 400 40 40 15.3
9 15.3 15.3 13.3 4.0 4.0
10 100 400 80 40 40
¥ean log . , ,
titre 1.07%4 1.2208 1.0462 0.771 0.6117
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TABLE 7XZX.
100 Lf.
vewupiing times in weoka
after secondary stimulus.
Sheep Ho.
1 2 3 4 5
1 0.6 4.9 5.0 3.3 3.3
2 40 8.0 5.7 d.4 4.0
3 1.3 2.6 2.0 2.0 1e0)
4 80 40 44 13.3 6.6
5 80 8¢ 5G 20 13.3
6 135 66 66 40 40
g 20 20 8.C 4.4 3.3
A §.0 3.3 0.8 0.6
9 4,4 10 10 6.6 5.0
10 A0 3.3 3.3 1.6 1.0
Fesn 10g ]
titre 1.1573 L.oyts 0.9817  (.7060 0.5662

i BLE XXX1.

200 11,
Yawpling 1imes in weeks
ufier secondury stirulus,
Sheeyp Ho,
1 2 3 4 5
1 80 200 50 50 40
2 ) 20 20 %.3 10
3 &0 100 100 49 20
4 4.0 6.6 3.3 2.0 2.0
5 5.7 5.0 1g.5 .0 8.0
6 10 40 .0 &.0 4.4
g 133 200 200 50 50
13,3 13,2 5.7 4.4 2.6
9 2.6 3.3 2.6 2.0 1.5
10 80 50 40 20 40
deun 1og ) M o
titre 1.33%2 1.4569 1.2620 1.0477 0.95861
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FI6G. VI.

GRaPH SHOWING THE IMMUNITY RESPONSE
TO PRIMARY AND SECONDARY STIMULI
GIVEN AT ONE WEEK*S INTERVAL
AT DIFFERENT DOSAGE LEVELS.
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From Pig. VI in which the meun log titres of the duta
in Tables XXVII to XXUI are plotted uguinst the sumpling
times for euch dosuge level, it cun be seen that w definite
gruded effect was obtuined, the higher doses showling u more
murked response. Furthermore, un anulysis of variance of

the means at any of the five sumpling times reveuled -

() wu significant difference between the 6.25 Lf group
and sany one of the reat,

(b) au significant diffarence betwaeen ithe 25 Lf group
and the 50 Lf and 200 Lf groups, and

(¢) no significant difference between the 50 Lf und
100 L? groups, between the 50 Lf and 200 Lf groups and
between the 100 LT end 200 Lf groups.

It can therefore be concluded that when the primury und
gecondary stimull were given ut o week's interval, tho
results obtuined with 6.25 LT and 25 Lf were inferior to

those obiained with 50 Lf, 100 Lf und 200 Lf.

The immunity response aftexr two injections of APT at two
weeks'! interval.

The third experiment wus conducted similarly to the
second except that the interval between the injections wus
increused to 14 days. The results given in Tables XXXII

to XXXVI und in Fig. VII were obtuined.

For the sake of brevity in grauphicul interpretution and
atatisticul analysis, letters were assigned to the experi-

mental groups of shoép.
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T4BELE XXXII.

GROUP A. 6.25 L.
Ser:pling times in weaks
- ul'ler gecondury stimulus.
Sheep Ho.
1 2 3 4 5
1 100 50 40 20 20
2 €6 56 40 20 13.3
3 40 20 20 6.6 4.0
4 100 50 41) 29 20
5 50 40 20 £.0 5.0
) 100 40 13.3 5.7 5,7
Z 40 20 13.3 5.7 5.0
8 400 200 66 AQ 40
9 A0 20 10 4.4 4.0
10 490 20 10 5.7 4.0
L'ean log .
titre 1.8%29 1.580¢6 1.3476 1.0140 0.9288
ToBLo FXXITY
GBROUP B. 25 Lf.
sarpling timee in wecks
at'ter secondary stimulus,
3heep Ho.
1 2 5 4 >
1 57 40 20 20 20
2 400 133 57 5C 40
3 133 T 100 50 20) 20
4 40 10 8.0 g.} 2.0
5 57 A% 1%.3 .0 6.6
6 400 100 E A0 40
Z A 40 10 8.0 6.6
: 40 10 6.0 6.6 4.0
9 A0 20 10 6.6 5.7
10 40 40 13.3 13.3 10
Mean log - . o
titre 1.6650 1.5833 1.2566 1.0992 1.0105%
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DABLE XTIV,

GROUP C. 5¢ LZ.
Sumpling times in weeks
Sheep fio. arter secondary citimulus.
1 2 3 4 5
1 200 200 40 20 6.6
2 12.3 6.6 5.7 4.0 2.6
3 200 200 40 40 a0
4 40 80 20 10 6.6
G 7 57 26.6 20 10
6 o 40 25 10 £.0
g 20¢ 200 80 80 40
40 13%.3 5.6 5.7 3.3
9 200 40 26.6 20 10
190 40 6.6 2.0 1.6 2.0
Heaun log _ ) )
titre 1.5759 1.653C 1.243¢ 1.0570 0.8982
T.BLE XYY,
GROUP D. 100 Lf.
Gurpling tirmes in weeks
ufter sacondury stimuluc,
Sheep lo.
1 2 3 4 5
1 a4 a4 20 6.0 6.6
2 40 13.3 13.5 He? 5.7
3 66 £ 4% 20 10
4 13.3 2 13.3 3.5 3.3
5 8o S0 5 20 20
6 40 66 40 40 20
g 40 13.3 10 8.6 5.0
40 13.3 13.3 6.6 4.0
9 57 57 4 a¢ 20
10 200 400 200 66 40
Mesan log o
titre 1.6956 1.6301 1.4479 1.1444 . 990
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TaBLE XXXVTI.

GROUP E. 200 LL.
buwpling times in weeks
: after secondury stimulus.
Sheep lNo. A
1 2 3 4 2
1 100 40 40 20 20
2 - 400 66 50 40 40
3 50 15.3 20 20 10
4 10 10 10 6.6 5.7
] 13.3 13.3 5.7 5.7 6.6
6 13.3 10 5.0 4.0 2.6
g 80 40 4C 13.3 8.0
AD 40 20 13.3 10
9 200 50 50 50 40
10 200 100 40 20 20
ean log, _
titre 1.76%6 1.4573 1.3261 ~ 1.1630 1.0700
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F1G. VII.

GRAPH SHOWING THE IMMUNITY RESPONSE RESULTING FROM TWO
INJECTICHS OF 6.25, 25, 50, 100 AND 200 Lf APT RESPECTIVELY
AT AN INTERVAL OF TWO #EfiKS AND ?WO INJECTIONS OF 6.25 Lf
APT AT INTERVALS OF 3, 4 AND 5 WEEKS KESPECTIVELY.

g
3
§1a
: €
s
7
®
©
a
®
o ¢ -
x
154
X e
]
P ¢
5
4
+3F
§
12
. .
&~
g
trt x
a
®
oS
1ot Groue A o ° a
B : a @
[V A
D [
£ :
F o ¢
-y G o
H X n
2
x
! 2 . 3 ¢ SAMPLING No 5
Group A: 2 inJcctionn of 6.25 LT at 2 wceks' interval.
B: * 25 v "
H " n " 50 L] L] " " "
D: " “ " 100 L] " L] " .
E: " L " 200 . ] " ” ] L]
F: 4] " " ‘2 " " } ” L]
G: ” " " .2 L " 4 ) "
H " " " 6,25 " " 5 v "

© University of Pretoria Digitised by the Open Scholarship Programme in support of public access to information, University of Pretoria, 2017



The above results, given in Tubles XXXII to XXAVI and
plotted in Fig. VII, indicute that the log titre for euch
dose group shows & lineuar regression on sanpling times und
further that there is no reul difference in response to the
different doses since the slope and position of the different
lines show no obvious disagreement,

an snalysis of variance for the dats obtained in this
lust experiment confirws that for any given dose the regreasion
of the mean log titres on sampling times shows no significant
deviatvion from lineurity snd ulso that the regression lines
obtuined for the different doses do not differ significuantly
with regurd to slope oxr position. It is unnecessary to
include detuils of this anulysis at this point as the conclu-
sions drawn are verified by the broader analysis which follows
below.

This meuns that the response obtained after two injections
spaced ut an interval of 14 duys wus independent of the douse
within the runge of doses chosen. On the strength of this
finding the effact of longer intervuls wee investigauted and
for the purpose the lowest dose, viz. 6.25 Lf was chosen.

The immunity response following on two injections of 6.25 Lt
APT spuced ut intervuls of 3, 4 and 5 weeks respectively.

Threé groups of ten shesp euch received a primary stimulus
of 6.25 Lf per sheep. The first group received u secondury
stimulus three weeke ufter the primuary; the second group
recelved its secondary stimulus four weeke after the primery
and in the third group the two atimuli were saepurated by five
weeks. The resulta are shown in Tables XXXVII to XAXIX.
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TABLE XXXVII,

GROUP F. (Two injections of 6.25 Lf at an interval of three

weeks).
Sunpling times in weeks
Sheep No. after pecondary stimulus.
1 2 3 4 5
1 6.6 6.6 5.7 4,0 2.6
2 50 40 40 40 10
3 200 100 40 40 20
4 200 200 66 50 20
5 6.6 1.0 2.0 1.6 1.3
6 6.6 4.0 2.6 2.6 1.6
g 100 50 40 40 20
1C0 40 20 20 8.0
9 8.0 8.0 4.4 5.0 5.0
10 2C0 100 100 50 20
Meun log
titre 1.5965 1.4131 1.2344 1.1425 0.8%39

TaBLE AXXVIII.

GROUP 6. (Two injections of 6.2% Lf at an intervel of four

weeks).
Sampling times in wesks
after secondary stimulus.
Sheep No.
1 2 3 4 5
1 100 100 100 a0 20
2 13.3 13.3 8.0 g.? 4,0
3 20 20 13.3 .0 5.7
4 100 66 66 40 20
5 6.6 0.4 0.1 0.2 0.2
6 400 400 400 100 100
g 50 40 20 10 6.¢
66 40 40 20 13.3
9 50 20 20 8.0 4.4
10 50 40 20 8.0 4.4
Meun log
titre 1.6764 1.4556 1.2954 1.0271 0.8493
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TABLE XXXIX.

GROUP H. {Two injections of 6.25 Lf ut an intervul of five

weeks).
Sauipiing times in weeks
after gsecondary stimulus.
Sheep Ho.
1 2 3 4 p
% 200 200 66 50 40
50 50 20 10 5.7
3 66 100 66 40 20
4 4,0 2.6 2.0 1.3 1.3
5 40 40 40 A0 4.4
6 100 200 100 5.7 5.g
g 1.0 4.0 2.6 2.0 0.
40 50 40 40 20
9 66 66 50 40 20
10 13.3 20 10 5.7 4.0
l'ean log .
titre 1.4570 1.5740 1.3560 1.1034  0.8280

When these dutua are plotted (Fig. VII) it can be seecn
that the responses obtained in Croups F, G snd I do not differ
obviously frox those of Groups A to E. This wus verified by
& complete wnalysis of the pooled duta for these eight groups.
For the purpose of this unalysis X represents the sumpling
time in weeks and Y the logurithu of the titre. Before the
analysia wus carried out it was ascertsined thet the variunce
of y seemed to be independent of the mean. The detuils of

the analysis sre recorded in Tables XL and XLI.
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TuBLE _ XL.
ANALYSIS OF COVARTANCE OF x AND y.

1 N
Nature of variation beg. (sxy)?2
sreedom| SXX  Sxy Syy X
Sxx
Between groups 7 0 0 1.0442

aithin groups, between
sumpling times 32 800 [-163.086 | 35.5126|33.2463

Between sampling times| 39 800 |-163.085 | 36.5568

Within sampling times | 360 0 0 96.1438

Total | 399 800 |-163.086 |1132.7006

Between sampling times

of Groups A 4 100 |- 24.148 | 5.9628 5.&g
B 4 100 |- 22.331| 5.2611| 4.9867
C 4 100 [~ g 114 6.4777| 6.3071
D 4 100 |- é 3.742 3-&975
E 4 100 |- 2.9797 | 2.840
F 4 100 |- 17 5 3.1534 Ob2
¢ 4 100 |- 20.827 | 4.3561 gg
H 4 100 |- 17.286| 3.5770 ° L9881
Total 8GO [-163.086| 35.5126133.9720
TABLE XLI.
ABsLYSIS OF VARIANCE FOR y.
B Degree of Sum of Xean
Nature of varlatlon freedom sguares gquare
Between groups 7 1.0442 0.1492
Regression of y on x 1 33.2463 33,2463
Difference of regression
co-efficients within : .
groupse 7 0.7257 0.14637
“ithin groups between _ ,
sumpling times 24 1.5406 0.0642
Between sumpling times 39 36,5568
%¥4thin sampling times 360 96.1438 0.2671
fotal 399 132.7006
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A conmparison of the appropriute meun squares recorded in
Table XLI with the error mean square (variation with sampling
times) indicates that the regression of y on x for individual
groups shows no deviation from linearity and no evidence of
non~purallelism between the individusl regreasion lines,
These eight regression lines are so similar in position that
they cun be represented by the average regression line 387
in Fig. VII representing the equation

¥y = 1.9340 - 0.204 x

The results uand their ststisticsl analysis show that
sheep, immunized with two doses of APT, each containing from
6.25 Lf to 200 Lf and separated by an interval of two weeks,
would have a mean circulating antitoxin titre of about 50
units per ml. one week after the mecond stimulus. This
titre will drop at & constant rate given by the regression co-
efficient of 87, vig. -0.204, during the following five weeks
so that at any time it will be about two-thirﬁa of the titre
of the previous week. 7This, of course, will not hold for
much longer thun the five-week period when the titres cun be
expected Lo remain at & steadier level,

The observation that the same level of immunity can be
produced with 6.25 Lf as with 200 Lf beta toxoid has un
important bearing on the economy of lumb dysentery vaccine

production. The Cl. welchii Type B formolized culture

filtrates produced in the bucteriological laboratory st
Onderstepoort contain on an average 300 Lf beta toxoid,
when 1t ia taken into account that lamb dysentery vaccine
is injscted in a dose of 2 ml. per sheep these filtrutes

can be diluted considerably without losing their efflcacy.
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These results raise the question whether two doses of
APT containing less than 6.25 Lf bets toxoid would elicit
the same response as & product contuining 6.25 Lf. This
point wus investiguted by giving two groups of ten sheep two
injections of APT. In one group the dose wus 6.25 Lf per
injection snd in the other about hulf this quantity, viz.
3 LT, The primary and secondary doses were spaced at an
interval of three weeks, A different batch of toxoid to the
one used in the.previoue experiment was used. The sheep
were bled one week after the second injection and the anti-
toxin titres of thelr sera determined. The results are

recorded in Table XLII.

TABLE XLII.

GROUP HAVING RECEIVED 6.25 Lf.

r‘
Sheep Ro. Antitoxin titre (units/ml.)
1 200
2 13.3
3 40
4 40
5 40
b 66
g 13.3
20
9 50
10 20
Mean log
titre 1.5480
GROUP HAVING RECEIVED 3.0 Lf.
Sheep No. antitoxin titre (units/ml.)
1 0
2 0.2
3 5.0
4’ 0
2 0
O.g
r 5.
: 27
9 5.7
10 5.7
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When the titres of the group thut received 6.25 Lf toxoid
are compared with those obtained at the first bleeding of Lhe
group that received two injections of 6.25 Lf at three weeks'
intervel in the previous experiment, no significant difference
cun be demonstrated. A conpuarison of the mesn log tltres

glves a value t = 0.1998 for 18 degrees of rreedom.

The tiires of the 3 Lf group, however, are obviously
significantly lower than those of the 6.25 Lf group; three of
the ten sheep in the former group showed no reaponse atl all
and two falled to reach one unit per ml., while none developed
more than 7 units per ml.

A reasonable conclusion would therefore be that, for
practicul purposes, 6.2% LY beta toxoid per dose of APT is the
lowest limit ual which a reaponse gimilar to that obtalned by

the injection of doases up to 200 Lf, can be produced.

THE RESPORSE T0 A& BOOSTER INJLCTION OF BETA TOXOID.

The effect of 8 boovater injection of beta toxoid was in-
vestigated in sheep immunized twelve months previously. The
dose in Lf of the bouster wus varied but the volume injected
wus kept constant at 2.5 ml. The sume type of APT but not
the same batch as in the previous experiments wus used. Une
week after the injection bleeding was commenced and coniinued
at varying intervuls until 28 weeks after the sturt of the
experiment. The level of immunity was deterumined over 28
weeks, representing the gestation period of & sheep, to provide
information on the loungest time intervel before purturition a
booster injection could be given and yet ullow for adequate

immunity at lambing.
Nine groups of sheep were immunized in different ways us

shown in Table XLIXI. Pive of these yroups were strlctly

comparable in that the sheep were immunized and sumpled on
identical dates, und these form a single experiment, Experirent

1. Similarly, the other four groups make up lLxperiment 2.
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TABLE XLIII.

SCHEME OF INJECTIONS RECEIVED BY
THE GROUPS OF GHEEP USED IN EXPERIMENT.

gg?' Group| Primary stinmulus bzgggggig Booster
1 I | 50 Lf liquid toxoid Nil 6.2% Lf APT
II | 50 Lf APT Nil 6.25 Lf ADRT
III | 100 Lf APT 100 L APT | 6.25 Lf APT
IV | 50 Lf APT Nil 6.25 LI liquid
toxoid
v {100 Lf APT 100 Lf APT |6.25 Lf liquid
toxoid
2 VI {100 Lf APT Nil 100 Lf APT
VII {100 Lf APT Nil 6.25 Lf APT
VIII | 50 Lf APT 50 L APT |100 Lf liquid
toxoid
IX | 50 Lf APT 50 Lf APT [6.25 Lf liquid
toxold

The detailed resulis are recorded in Tables XLIV to LII
and summarized graphically in Fig. VIII (Experiment 1) and
Fig. IX (¥xperiment 2) in which the mean log titre is plotted
against sanmpling time in weeks for all groupe except Group I.
For reasons already stated, the log median titre was employed

for this group.

TABLE XLIV.
GROUP I.
Sampling times in weeks after booster injection
Sheep
No
1 2 4 6 8 10
1 0.2 1.6 1.g 0.5 0.2 0
2 0.2 1.1 0. 0.42 0.2 0.1
3 2.7 1.0 1.0 0.1 0.13 0
4 0 4.0 2.0 0.53 0.4 0.2
5 6.7 4.0 13.3 4.0 1.3 0.63
6 2.7 1.0 1.3 o.g 0 0
g 6.7 5.0 1.6 0. 0.4 0.2
0 0 0.2 0.2 0.13 0
Log 3
median |0.1761  0.1461  0.1614 -0.284 -0.5229 -1.301
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TABLE XLV .

GROUP II.
Sampyling times in weeks after booster injection
Shesp
No.
1l 2 4 6 3 10 12 15 18 21 23
1 1100 200 200 50 20 10 6.7 4.4 2.7 2.7 2.7
2 20 40 i0 4.0 2.0 1.6 1.6 0.83 V.72 0.72 0.7 -3
3 10 10 5.0 2.7 2.0 0.7 0.57 0.5 0.4 C.4 0.4 o
4 2.7 2.7 2.0 0.9 0.57 0.4 0.4 V.4 0.4 0.2 0.13
5 10 - 20 10 5.7 4.0 2.0 2.0 1.3 1.3 1.0 1.0
6 10 10 5.7 4.4 2,7 2.0 1.6 1.0 1.0 0.72 G.7
T 66 50 20 10 5.7 5.0 5.0 2.7 2.7 1.6 1.3
8 50 &0 20 13.3 6.7 4.0 4.0 2. 2.0 2.0 1.6
g |200 200 200 66 50 20 20 20 13.8 13.3 10
10 4.C 5.0 5.0 2.C 1.3 0.72 0.72 0.72 Q. C.53 0.57
Hean
tizﬁ' 1.3159 1.4034 1.1659 0.8335 0.6087 0.3713 0.3353 0.1824 0.1366 0.0533 -0.008%
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TABLE XLVI.

GROUP III.
Sampling times in weeks after booster injecition
Sheep
KNo.
1 2 4 6 8 10 12 15 18 21 28
1| 40 50 20 8.0 5.0 2.7 2.7 1.6 1.5 1.6 1.3
2 | 10 20 8.0 5.7 4.C 2.7 2.7 2.0 1.6 1.6 1.3
3 {100 100 50 40 13.3 8.0 6.7 2.0 2.0 1.9 1.6
4 | 50 20 13.3 5.7 4.0 2.7 2.7 1.6 2.0 1.6 1.3
5 1200 200 100 100 66.7 20 20 20 20 13.3 10
6 | 40 40 40 13.3 6.7 4.0 4.0 2.0 2.7 2.0 2.0 3
T | 20 13.3 1.3 1.3 0.13 0.1 0.1 0.1 0.1 0.1 0.1 .
8 2.0 50 6.7 8.0 6.7 6.7 6.7 6.7 5.0 5.0 4.0
9 6.7 6.7 6.7 5.7 4.0 2.7 4.0 2.0 2.7 2.7 2.7
10 | 50 200 100 50 40 20 3.0% 2.0 1.6 1.9 1.3
Mean
log
titre| 1.4331 1.6154 1.2395 1.0613 0.7822 0.565%59 0.4839 0.3047 0.3077 0.2725 0.1994
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TABLE XLVIII.

GROU® V.
Sampling times in weeks after booster injection
Sheep
No.
1 2 4 6 8 10 12 15 18 21 28
1 20 13.3 8.0 5.0 4.0 4.C 4.0 2.7 2.7 2.7 2.7
2 20 20 13.3 10 5.7 6.7 4.0 4.0 4.0 4.0 4.0
3 50 40 20 13.3 6.7 6.7 5.7 4.0 4.0 4.0 4.0
4 10 6.7 8.0 4.0 2.7 2.0 2.0 1.6 1.6 1.14 1.14 -
6 50 40 20 20 N 5.0 5.0 4.4 2.7 2.0 2.0 :
T 5.0 4.0 50 4.0 2.7 2.0 2.0 1.6 1.3 1.0 1.3
8 6.7 20 8.0 5.0 2.7 1.6 2.0 1.14 1.14 0.72 0.7
9 50 20 13.3 6.7 4.0 2.0 2.0 2.0 1.3 1.14 1.14
10 50 40 40 10 6.7 5.0 4.4 4.4 2.0 2.0 2.0
Mean
log
titre | 1.3622 1.2864 1.1462 0.9154 0.6934 0.5883 0.5672 0.4689 0.3801 0.2941 0.3214
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PTABLL XLIX -.

GROUP VI.
Sanpling times in weeks after bdooster injection
Sh;o P
0.
1l 2 4 6 8 10 12 15 18 21 28
1l | 66 133 40 20 20 20 20 13.3 10 10 10
2 | 20 20 10 11.8 T.6 5.6 5.9 4.1 3.3 3.3 3.0
3 |50 40 40 20 20 20 20 10 10 10 6.7 -3
4 | 50 50 40 13.3 10 5.7 5.7 2.7 2.7 2.7 2.0 o
5 | 66 50 50 40 13.3 8.0 10 6.7 5.0 4.4 4.0
6 | 20 40 100 40 20 13.3 20 13.3 10 10 10
T 0 8.0 6.7 4.0 2.0 1.14 1.14 0.9 0.9 0.8 0.6
8 | 50 40 40 10 5.7 5.7 5.7 5.0 2.7 2.7 2.7
9 2.7 5.0 2.0 1.14 0.9 0.6 0.5 0.5 0.5 0.5 0.5
g
tigg. 1.4198 2.4703 1.3594 1.0734 0.8799 0.7471 0.7712 0.6078 0.5259 0.5141 0.4572
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TABLE L .

GROUP VII.
Sampling times in weeks after booster injection
Sheep
No.
1 2 4 6 8 10 12 15 18 21 28
1 10 10 6.7 4.4 4.0 1.6 1.6 1.0 1.0 0.8 0.7
2 20 40 50 40 10 6.7 5T 5.7 4.4 4.0 2.7
3 66 400 5C 20 10 10 6.7 4.0 4.0 4.0 4.0
4 50 666 50 40 13.3 10 10 6.7 5.0 4.4 4.4
5 20 13.3 10 5.7 4.0 2.7 2.7 2.0 1.6 1.6 1.6
6 10 20 20 8. 5.7 4.0 4.0 1.6 1.6 1.6 1.3 3
7 50 - 20 13.3 5-0 4-0 200 103 008 0-8 006 0.53 .
8 66 133 100 50 20 10 10 5.7 4.4 4.4 4.4
9 20 40 40 20 8.0 5.7 5.7 4.4 2.7 2.7 2.7
l;an
oL
titre 1,4388 1.7201 1.4389 1.1674 0.8767 0.6801 0.6322 0.4435 0.3701 0.3347 0.2933
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TABLE L.

GROUP VIII.
Sampling times in wesks after bdooster injectiom
Sheep
No.
) § 2 4 6 8 10 12 15 18 21 28
1l 6.7 5.0 4.4 2.0 1.14 1.0 1.0 0.72 0.6 0.47 0.47
2 6.7 6.7 5.0 2.7 1.6 1.3 1.3 1.3 1.0 1.0 0.72
3 6.7 4.0 2.7 1.6 0.9 0.8 0.53 0.53 0.53 0.5 0.4
4 | 50 50 40 13.3 10 10 10 5.0 4.0 4.0 4.0 -
5 6.7 5.7 4.4 2.7 1.6 1.6 1.3 1.14 1.0 0.9 0.8 ©
6 | 20 13.3 10 8.0 5.7 5.0 5.7 4.4 4.0 4.0 4.0 v
T | 50 40 20 8.0 4.4 4.4 4.4 2.7 2.7 2.7 2.7
8 | 50 133.3 200 100 50 50 50 20 20 20 20
9 | 20 20 20 10 6.7 5.0 5.7 4.0 4.0 2.7 2.7
10 [200 100 100 20 20 20 20 20 20 20 20
l;an
og -
titre| 1.3304 1.1733 1.1923 0.8599 0.6645 0.6263 0.7107 O0.4730 0.4342 0.3994 0.3704
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TABLE LII.

GROUP IX.
Sampling times in weeks after booster injectiom
Sheep
Ko. ‘
1 2 4 6 8 10 12 15 18 21 28
1 20 40 40 13.3 8.0 5.0 5.0 5.0 4.4 4.4 4.0
2 5.0 4.4 4.0 2.7 1.3 1.14 1.3 1.14 1.14 1.0 0.9
3 20 13.3 6.7 5.0 2.0 1.6 1.14 1.14 0.9 0.8 0.8
4 10 13.3 13.3 6.7 4.4 2.7 4.0 2.0 2.0 2.0 2.0 ~3
5 | 20 13.3 8.0 4.0 2.0 1.3 1.14 0.9 0.8 0.8 0.6 bt
6 20 20 20 10 5.7 5.7 5.7 5.7 5.0 4.4 4.4
T 4.0 4.0 2.0 2.0 2.0 2.0 0.9 0.7 0.53 0.47 0.2
8 50 40 20 10 5.0 4.4 5.0 2.7 1.6 2.0 1.14
9 | 20 20 13.3 10 5.7 5.0 5.0 5.0 2.7 1.8 1.4
10 | 66 50 50 13.3 13.3 13.3 13.3 13.3 8.0 8.0 6.7
Mean
log
titre| 1.2329 1.2123 1.0783 0.8107 0.5353 0.5159 0.4818 0.3923 0.2821 0.2526 0.1512
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It is obvious from Fig. VIII that the degree of immunity
of the sheep of Group I is inferior to thut of any of the
other groups, 1indicating that a single dose of 50 Lf liquid
toxold is a compurutively poor primary stimulus.

The reaponses in Groups II, III, IV and V were very
similar. An analysis of variunce revealed no asignificunt
differences in the four group means at any of the eleven
times of sampling. Although the variance ratio in no instunce
reached the level of significance (P = 2.88, d.f. = 3 und 34,
P = 0.05), six of the eleven ratios exceeded the value 2,
Furthermore, the four curves in question show regularity with
regard to their relutive positions: Curves YII and 7 are more
or less overlupping, Curve II is somewhat lower from the 6th
to the 28th week aund Curve IV is lowest through the entire
sampling period. It is therefore not unreasonable to
conclude that one year after 4 moderute primary stimulus of
50 Lf APT the effect of a small dose (6.25 Lf) of 1liguid
toxoid may not be quite us good as the sawe dose of APT
(Curve IV versus Curve II) but this possible difference
disappears in sheep with a more solid busic lmmunity (Curve
III versus Curve V) and such animals respond on the whole
better (Curves IXI end V versus Curves I1 and IV).

On the busis of the results of lxperiment 2, shown in
Fig. IX, 1t might be tenpting to conclude that the response
to & booster dose of 100 Lf is better than that to a dose of
6.25 Lf, whether given in the form of liquid toxoid (Curve
VIII versus Curve IX) or as APT (Curve VI versus Curve VII).
However, the differences between the group meusns were
negligible (eight of eleven variance ratios fell between 0.4
and 1.0) and the safest conclusion appesars to be that neither
the dose nor the nature of the toxoid used to reinforce
immunity ia of any great moment in sheep with a solid baaic

immunity, a confirmation of the results of Experiment 1.
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From & conslideration of the experimental results pre-
gented in this thesis a conclusion 1s justified that an APT
containing 6.2% LT per dose is adequate for & primary,
secondury &nd booster stinmulus. This point was further
investigated experimentally by giving ten (Oroup X) fully
susceptible sheep two injections of APT containing 6.25 Lf
toxoid per dose (prepared to the same specifications ua
previous injections but using u different batch of toxoid)
at an interval of three wecks. 365 Days after the primary
stimulus had been given they were bled (for the determination
of the antibody titre of the sera) and given a boosier dose
of APT containing 6.2% Lf toxoid (prepared to the sume
specifications us previous injections but from yet another
batch of toxoid). They were bled at weekly intervula
subsequently and the antibody titre of their sera detormined,

The results ure given in Table LIII.

TABLE LIII.

THE ANTIBODY LEVELS OF 'THE SERA OF SHEEP
PRIOR TO A BOOSTER DOSE OF 6.25 Lf APT
AND AT WEEKLY INTERVALS SUBSEQUENTLY (Units/ml.).

GROUP X.
Titre prior | Titre after| Titre af'ter | Tltre after
Sheep Ko.|to booster one week two weeks three weeka
injection :
1 1.§ 200 666 500
2 0. 13.3 13.53 6.
3 0.4 40 40 20
4 0.8 20 40 20
5 0.4 20 40 40
6 0.57 10 8.0 5.7
g 0.4 10 40 20
0.13 10 13.3 13.3
9 0.4 6.7 6.7 4.0
10 0.4 6.7 6.7 5.0

When the antibody levels attained two weeks arfter the

booster stinmulus are compured with those shown by the sheep

in ¢roups III and VII (in which cases the mean log titres
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were the highest of the groups in Experiments 1 und 2
respectively, two weeks after the boogter stimulus) the
following will be found:

(a) A comparison of the meun log titre of Group X with the
mean log titre of Group III gives & value t = (.8642
for 18 degrees of freedom.

(b) A comparison of the mean log titre of Group X with the
mean log titre of Group VII gives a value t = 1.5200
for 17 degrees of freedom.

There is therefore no statistiocully significunt
difference in the responses between Groups III and X and
between Groups VII and X, implying that an APT contulning
6.25 LI toxoid per dose is adequate for a primary, secondary

and booster stimulua.

CORCLUSION.

By a systenmatic study of the nutritional requirements of

a variant strain of Cl. welchii Type B a procedure for

obtaining considerably increased yields of toxin from the
production medium wua developed. While previously ylelds
of 50 Lf per ml. were customary, vulues of 500 Lf per ml. were
obtained in routine batches subsequent to the investigation.
The deterioration of the active antigen during formolization
was minimized by determining the optimal conditions for
toxoiding. Furthermore, an increuse in efficuacy of the
antigen erffected by alum-precipltation wus demonstrated.
The routine application of the flocculation test for the
quantitative determinution of the sntigen has been shown to
save time, labour and experimentul aninula. These findings
have decided economic signiricance in a laboratory where
prophylactice are produced on a large scale.
Irmunity studies in sheep delivered the following

resulis of practical 1lmportance.
(a) The primary and secondury injeclions of lamb dysentery

vaccine can be separated by an interval of 2, 3, 4 or

5 weeks with the sume measure of success. This

allows a farmer considerable latitude in arrunging
his vaccination programme to suit his farming

activitiesn.
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(b) vwhen a booster injection is given as early us two
months before luembing the ewes will have a sufficiently
high level of {wmmunity at parturition - thus the
handling of heavily pregnant animals is eliminsated.

(¢) The economy of lumb dysentery vaccine production 1is
affected by the fact that the same results cen he
obtained with APT containing 6.2% LI per dose as with
200 Lf per dose.

In conclasion, therefore, the object of develcoping a
proven, chesp snd practicable method of producing a protective
beta entitoxin level in ewes' blood under extensive farming

conditions, hus been attained.

Evidence ip provided to prove the specificity of the
flocculution test used a8 & tool for asssying the beta

fraction of Cl, welchii Type B toxin and it8 corresponding

antitoxin.

The geparation from Cl. welchii Type B ("1930 atrain")
of variants which differ in the production of toxin snd mucoid
material is described.

A mediurn and method of cultivation are deacribed by means
of which & maximum yield of 560 Lf per ml. of beta toxin was
obtained.

By using & sodium acetate-wncetic acid buffer aystem a
purified betas toxin containing 7,396 Lf per mg. P.N. was
produced.

The keeping qualities of beta toxin undexr varying
conditions were determined.

The toxoiding of beta toxin (both crude snd purified)
was investigated.

The stabllity of betu toxoid was deterrzined.

A study was made of alum precipitution of betu toxoid
with varying concentrations of potash ulum ai different pH
levels.

APT was proved to be a better antigen than liquid toxoid,

It was proved experimentally thut sheep, immunized with

two doses of AFT, each containing from 6.25 Lf to 200 Lf and
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separated by an intervul of two weeke, would have &« mean
circulating antitoxin titre of about 50 units per wl. one
week after the second atimalus.

Ags a result of & series of experiments in which the
booster erfect produced by beta toxcid was investigated the
conclusion wag reached that the essentiul reguirement for an
offective booster reapounse is a s0lid busic immunity. “hen
the lautter ia present the dose and nature of the booster
injection are of secondary importance,.

It was proved that APT containing 6.25 Lf beta toxoid
per dose could be used as a primary, secondary snd booster

stimulus for the prevention of lumb dysentery.
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