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LAMB DYSENTERY

EcoNOoMIC IMPORTANCE OF THE INVESTIGATION

The sheep industry in South Africa occupies a very important place in the
country’s economy as can be seen from the following figures extracted from the 1953
census i —

Revenue fromwool............................. £75 million.
Value of skins produced . ceeee oo £45 million.
Value of Karakul pelts produced s £11 million.
Total number of sheep. . el 31 % million.
Number of sheep slaughtered by butchers ... 4-5 million.

Exact figures for losses suffered by sheep farmers through disease are not available
but a fair estimate would be an amount of several million pounds per annum. Of this
vast sum enterotoxaemia-like conditions caused by the Clostridium welchii group of
organisms account for a considerable portion. Mason (1935a) mentions that E. M.
Robinson had isolated C/. welchii Type B from cases of lamb dysentery prior to 1931.
Scheuber (personal communication) reports having isolated the same organism from
specimens received from the Karoo, the North-Eastern Cape Province and the Orange
Free State. Schulz & Sutton (1950) state that lamb dysentery is enzootic in the
southern part of the Orange Free State and parts of the Eastern Province.

During 1948 Schulz & Mclntyre made a tentative diagnosis of pulpy kidney
after investigating extensive losses among sheep in the Eastern Cape Province. This
was confirmed when Scheuber demonstrated CI. welchii Type D and its toxin in the
intestines of some of these cases. Schulz & Sutton (1950) maintain that this disease
is widespread and that it has been encountered on sheep farms in different parts
throughout the Union and South West Africa.

In agreement with the experience of Batty, Thomson & Hepple (1954) in Great
Britain 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 against both C/. welchii Type B and
Type D infections and older lambs and adult sheep against CI. welchii Type D
infections, is therefore posed.

In South Africa where sheep are grazed predominantly on an extensive system
they are collected periodically at irregular intervals of up to a month. Since the
introduction of jackal-proof fencing, ewes are allowed to lamb in the pastures by
preference. Seldom are shepherds used. This arrangement has distinct advantages
for the control of internal parasites and diseases favoured by the concentration
sheep but certainly excludes the possibility of using antitoxins for the prevention ot
lamb dysentery and pulpy kidney in very young lambs as a practical measure. Hence
resort must be made to the immunization of pregnant ewes to provide their lambs
with a colostral immunity against these diseases during the first few weeks of their
lives.

A BRrIier CONSIDERATION OF THE Toxic FRACTIONS PRODUCED BY CL., WELCH
TyPE B

The welchii group of Clostridia contains six types distinguished one from the
other by the toxic fractions produced in artificial media. These toxic fractions have
very definite actions by which they can be identified. In Table 1 which was derived
from a publication by Oakley & Warrack (1953) the properties and distribution of
these antigenic fractions are given.
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LAMB D =NTERY

(b)y Colonies composed of non-toxigenic organisms (Fig. 2).— 1ese are flatter
than the smooth variety and have regular margins. They have a dull white
appearance.

The organisms are non-capsulated and, when grown in meat broth,
could not be shown to produce beta toxin by blending with a quick-
flocculating toxin (Glenny & Okell, 1924). They, however, have the
following characteristics which identify them as C/. welchii :—

Short, straight, stout rods with parallel sides arranged singly or in
small bundles. Gram-positive, Gelatin is liquified but not coagulated
serum. A typical ‘ stormy fermentation” reaction is produced in
litmus milk. Glucose, lactose, maltose and inulin are fermented, but
not mannitol and dulcitol. Alpha toxin is produced.

4

Fi6. 2.—Appearance of Colonies produced by Non-toxigenic Organisms isolated from a Culture
of Cl. welchii Type B (* 1930 Strain ™)
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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
medit  onsisted  a broth prepared by boiling minced horse meat in tap water for
30mit s (1 litre or water to 1 1b. of meat). The following ingredients * were added :—

peptone. . e i 1-0percent
sodlumchlorlde . cieeiiieie. 03 per cent
dibasic sodium phosphate ieeiiiiieve... 02 per cent.

The pH was adjusted to 7-8.

Ten-litre volumes of the liquid portion of the medium were dispensed in twelve-
litre fla s and sterilized at 120°C for 2} hours.

After sterilization the medium was left 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. quantities in tubes for growing the inoculum.

B¢ e inoculation the pH was< adjusted to 7-4 with sterile 40 pzr cent NaOH,
sinces  lization usually causeda  opin the pH of the medium. A final concentration
of 0-35 per cent glucose was added 1n 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.

Values ranging from 38 to 57 Lf per ml. were obtained by this method. Subse-
quently the following attempts at increasing the yield of toxin were made:—

(@) 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 flasks were inoculated with actively growing culture and left to grow
for 4% hours. By this time active gas production had ceased.

The values obtained were as follows:—

Peptone content Lf per ml.
O-5percent.......... . i 28-5
T-Opercent...........o .. 38:0
I-5percent......c.oovviii .. 57-0
20 Per Cent. .o v i e 76-0
2-5percent. ...l 76-0

The conclusion that an increased peptone content up to 2 per cent leads to an
enhanced toxin production seems justified.

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

For this purpose a flask of the original medium with the incorporation of 2
cent peptone was inoculated with the experimental strain of C/. welchii Type B in the
method described and incubated at 37°C. Commencing at 3% hours after inoculation,

* When in this thesis an ingredient is added in a concentration of, say, 1 per cent, this must be
taken to indicate that sufficient of the ingredient is added to give a final concentration of I per cent.
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when profuse gas production was obvious. samples of culture were withdrawn at 30
minute intervals, clarified and their Lf value determined. After 5% hours of growth

gas production had almost ceased and sampling was stopped. The following results
were obtained :—

Duration of growth Lf per ml.
3fhours........... o 7650
dhours. .. ... o 10405
4L hours............... . .. ............ 760
Shours.......... ... ... ... .. ... ....... 665
Sbhours....... ... .. .. .. .. ... .......... 380

From the above data it can be concluded that the toxin content of the culture
fluid increases up to 4 hours after inoculation but decreases subsequently. s
phenomenon was confirmed repeatedly and in the experiments that followed the toxic
fluid was regularly harvested after 4 hours™ cultivation.

(¢ The presence of meat particles in the medium

The production of toxin in liquid medium with and without the addition of meat
particles was compared. To prepare the former sufficient meat particles, which had
been cooked for the preparation of the medium as described, were placed in flasks to
fill one-fifth of their total volume. Then 8 litres of liquid medium were added. The
control flasks contained ten litres of liquid medium only. In both cases twelve-litre
production flasks were used and the medium contained 2 per cent peptone.

Samples were withdrawn after 4 hours™ growth at 37°C and the Lf value of the
toxin determined. From Table 4, which summarizes the results of four separate
comparisons, it can be seen that higher yields of toxin were consistently obtained in
medium containing meat particles.

TABLE 4.—The comparison of Toxin Production in Medium with and withour Meat
Particles

Medium without meat particles — Medium with meat particles

Lf per ml. Lf per ml.
104-5 275
76-0 199
66-5 171
38-0 161

(d) The addition of glucose to the medium

To follow the effects on toxin production of the addition of glucose 1o the medium
a batch was prepared containing 2 per cent peptone and meat particles were added to
the contents of the production flasks as described in (¢) above. Four flasks of medium
were used containing, respectively, 0, 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
owing culture each and incubated for 4 hours at 37°C. The flocculation value of

e cultures was then determined.
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LAMB DYSENTERY

As is shown in Table 5 the addition of glucose stimulates toxin roduction and

the maximal effect is reached with one per cent.

TABLE 5.—The influence of Glucose on Toxin production
Percentage Glucose added Lf per ml. attained

0-5. .. 380
R 427-5
20, 427-5

(¢) 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 differant
flasks sterilized at 120°C for pregressively increasing periods. After sterilization
| per cent glucose, which had been sterilized by tyndallization, was added and
inoculation and incubation carried out as before. The values of the toxic culture in
the different flasks are given in Table 6.

TABLE 6.—-The influence on Toxin production of Sterilization of the Medium at 120°C
for varying periods

Period of sterilization Lf per ml.
30 minutes. ... ... 427-5
Thour......... ... ... ... 332-5
2 hours. .. .. 332-5
3 hours 332-5
4 hours.. ... A 237-5

A feasible explanation for the decrease in toxin production 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 14 hours since a shorter period did not consistently yield a sterile product.

(/) Varving the hyvdrogen-ion concentration of the medium

Medium containing 2 per cent peptone was prepared and meat particles were

mcluded in the flasks.

The pH of the medium in three flasks was adjusted to 6-6, 7-0

and 7-4 respectively. One per cent glucose was added and inoculation of the medium

was carried out as usual.

case the pH dropped to the acid side during growth.
were determined and recorded in Table 7.

After one hour’s incubation at 37°C. the pH of the three
cultures was mecasured and readjusted to the original level where necessary.
repeated every 30 minutes until four hours of growth had been completed.

This was
in every
The Lf values of the cultures

TABLE 7.—The production of Beta Toxin at different pH Levels

pH level

Because of these results the effect of buffering
investigated.
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Toxin value
350 Lf. per ml.
522 Lf. per ml.
427 Lf. per ml.

the medium at pH 7-0 was






























AMB DYSENTERY

By repeating the experiment with three different toxic filtrates similar resulis were
obtained allowing the fellowing generalizations to be made:—

(1) Detoxification takes place more slowly at pH 6-0 than at the other levels
tested, but less destruction of antigen ensues.

(2) An increase in the percentage formalin 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 a higher percentage of formalin causes more ranid
detoxification but increased destruction of antigen takes place at the hi; r
concentrations. This effect is more pronounced at pH 8-0 than at pH /-0.

Since the best results were obtained at pH 6-0 the detoxification of beta toxin
at this pH level was investigated at different temperatures. 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 formaldehyde
was added to each, the pH was adjusted 1 60 and the flasks incubated at 30°C,
35°C and 40°C, respectively.

The results are recorded in Table 16.

TABLE 16.—The effect of Formolization at different temperatures on Beta Toxin

Original value Value after toxoiding ‘ Time taken

Temperature ‘ (Lf/ml) (Lf/ml.) ‘ (days)
30°C. . oo 399 290 (0
35°C.. L 399 290 ; 5
3

40°C....oooo ‘ 399 290 |

From Tatle 16 can be seen that 75 per ent of the original antigen was retai
in the process of toxoiding at each of the th1  different temperatures but that the time
taken at the lower temperatures was considerably longer than at 40°C.

For the formolization of toxic filtrates used in the experiments described below
a concentration of 0-8 per cent formaldehyde per 0-78 mg. amino-nitrogen per ml.
was employed at pH 6-0. Toxoiding was effected at 37°C.

The Formolization of Purified Toxin

For the toxoiding of purified toxin the conditions found most favourable in the
case of a crude toxic filtrate were employed, viz., pH 6-0 and 37°C.

The optimal concentration of formaldehyde had to be found, however, since
the animo-nitrogen content of the purified product was considerably lower an that
of crude toxin. The results recorded in Table 17 illustrate the effect of increasing
percentages of formaldehyde on purified toxin (toxoiding was taken as complete wh
0-2 ml. injected intravenously failed to kill mice).
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LAMB DYSENTERY

Fo1 the preparation of an alum-precipitated toxoid to be use in the experin
about to be recorded a concentration of 1-5 per cent alum at p  6-0 was s
This concentration is as effective as 2-0 per cent, while mixtures containing more :
cause severe lameness when they are injected into animals. A pH value of
favours the storage properties of beta toxoid while an alum precipitate ~* a level
below pH 6-0 causes pain when injected subcutaneously or intramuscularly  evine et
al., 1955).

The production of an Immunity ugainst Beta Toxin

Experimental Animals

Sheep were chosen as experimental animals so that the results could be applic
directly to antigen production for large scale immunization in the field. The animais
were obtained from a lamb dysentery-free arca and had not been immunized against
the disease. However, so that none be included that had developed a natur
immunity, only those were used whose sera, in a dose of 0-2 ml., did not neutralize
I minimal reacting dose of beta toxin tested intracutaneously in rabbits.

Preparation of the Antigen

The toxoid was prepared from a toxic filtrate and was diluted with broth so that
2-5 ml., the dose chosen for immunisation purposes, would contain the desired
number of Lf. Potassium alum, in the form of a 7-5 per cent solution was added to
make a 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 adjusted to 6-0.

The sheep were bled five times at weekly intervals. The first sample was taken
seven days after the injection where one injection only was given and seven days T
the second injection where two injections were given.

It is generally accepted that the logarithm of the individual antitoxin titres, rat
than the titres themselves, are normally distiibuted in a group of animals responding
to a dose of toxoid; and in the experiments reported below the logarithms of the titres
recorded in the tables were used for graphical representation and statistical analysis.

A comparison of the mean log titre and the log median titre for the groups of
animals for which the former could be calculated showed, as could be expected, »
reasonably close agreement. The log median titre was thus accepted for graphic
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 O.

Immunity produced by a primary stimulus of alum-precipitated toxoid and of liquid
toxoid

For the comparison between the immunity produced by alum-pre~initated beta
toxoid (APT) and liquid toxoid six groups of ten sheep were used. iree groups
received injections of 50, 100 and 200 Lf respectively of APT and the remaining
groups received injections of 50, 100 and 200 Lf respectively of liqu  toxoid.
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These results are graphically represented in Fig. 5.

Fi1G. 5.—Graph showing the Immunity Response to a Primary Stimulus of Graded Doses of APT.
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For reasons already stated the log median titre was used for the graphi
representation shown in Fig. 5. From this graph it can be seen that an increase in the
dose results in an increased response.

For doses of 50 Lf, 100 Lf and 200 Lf, the observed maximum response occurred
at the second week while for doses of 6-25 Lf and 25 Lf at the third week.

The immunity response after two injections of APT at one week’s interval

In this experiment groups of ten sheep were given injections of 6-25, 25, 50, 1
and 200 Lf, respectively, and again seven days later.

The results are recorded in Tables 27 to 31.
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F1G. 6.—Graph showing the Immunity Response to Primary and Secondary Stimuli given at
One Week’s Interval at Different Dosage Levels
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FiG 7.—Graph showing the Immunity response Resulting from two injections of 6-25, 25, 50,
100 and 200 Lf APT respectively at an interval of two weeks and two Injections of 6-25 Lf
APT at intervals of 3, 4 and 5 weeks respectively
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SAMPLING No.

Group A: 2 injections of 6-25 Lf at 2 weeks’ interval.
Group B: 2 injections of 25 Lf at 2 weeks’ interval.
Group C: 2 injections of 50 Lf. at 2 weeks’ interval.
Group D: 2 injections of 100 Lf. at 2 weeks’ interval.
Group E: 2 injections of 200 Lf. at 2 weeks’ interval.
Group F: 2 injections of 6-25 Lf. at 3 weeks’ interval.
Group G: 2 injections of 6-25 Lf. at 4 weeks’ interval.
Group H: 2 injections of 6-25 Lf. at 5 weeks’ interval.
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LAMB DYSENTERY
Fi1G. 9.—Graphical Representation of the Results obtained with Groups VI, VII, VIII and IX.
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It is obvious from Fig. 8 that the degree of immunity of the sheep of Group I is
inferior to that of any of the other groups, indicating that a single dose of 50 Lf liquid

toxoid is a comparatively poor primary stimulus.
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A medium and method of cultivationare  icribed by meansofy iche
yield of 560 Lf per ml. of beta toxin was obtained.

By using a sodium acetate-acetic acid buffer system a purified beta toxin con-
taining 7,396 Lf per mg. P.N. was produced.

The keeping qualities of beta toxin under varying conditions were  termined.
The toxoiding of beta toxin (both crude and purified) was investigated.
The stability of beta toxoid was determined.

A study was made of alum precipitation of beta toxoid with varying concen-
trations of potash alum at different pH levels.

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

It was proved experimentally 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
second stimulus.

As a result of a series of experiments in which the booster effect produced by
beta toxoid was investigated the conclusion was reached that the essential requirement
for an effective booster response is a solid basic immunity. When the latter is 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 and booster stimulus for the prevention of lamb dysentery.
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