
Zschokke in 1922 (80) used the .1mce expressed from affected 
muscles, oedematous fluid, as well as fluid collected from the peri­
toneal cavity; in this way he was able to collect on an average about 
8 litres fr:>m a calf. He added 0.5 per cent. phenol to his aggressin, 
which WllS collected in flasks. Filtering was carried out the same day, 
first through asbestos and then through either Berkefeld or Chamber­
land candles . . 

Our Own Methods.-Young cattle are injected intramuscularly in 
several places of the thick muscular masses with large quantities of 
virulent culture. Immediately after death the animal is taken. to a 
specially cle·an room, washed, disinfected, and skinned under as aseptic 
conditions as possible. The oedernatou;; fluid from the subcutaneous 
and intramuscular tissues is collected and strained thr:>ug'h muslin 
into flasks. All the affected muRcles are collected, cut into strips, and 
passed through a meat press. The muscle juice so obtained is added 
to the oedematous fluid and the mixture kept in cold storage for about 
twenty-four hours to allow of coagulation taking place. 

During this process contamination with outside organisms is un­
avoidable, and this danger is particularly ~erious during the warm 
summer months. No matter what precautions are taken, one has to 
deal with a fluid containing not only black-quarter bacilli and spores. 
but also a_ mixture of other organisms. 

To obtain a germ-free filtrate is not a simple matter when one 
has to deal with such a highly albuminous fluid. As a matter of fact . 
great difficulties were experienced at first when filtering through !he 
ordinary Berkefeld candles was attempted. The process of filtermg 
was extremely slow, and at the same time it was found difficult to get 
the c'1ndles properly cleaned after filtration. 

The method of centrifugalization was then adopted, Sharples's 
laboratory centrifuge, driven by steam and running at 25,000 to 30,000 
revolutions per minute, being used for the purpose. Large quantitie" 
of fluid could be passed through the centrifuge in a ver.,., short time, 
and it was found that after passing the fluid five times through this 
centrifuge it was practically germ-free. A few black-quarter 
organisms an.d cocci were still present, but it was hoped to prevent the 
multiplication of these by the addition of a fairly strong preservative 
agent. It was also thought that such an agent might after a little 
while be destructive to the few 0rgani.sms present. In view of Foth's 
assertions, it was thought at the time that the uresence of a few 
black-quarter organisms would rather be an advantage, and might 
lead to the production of a better immunizing preparation. It should 
be mentioned that at the1 time we had no special filtering apparatus to 
work with, and that now we have available a particularly suitable 
apparatus in the German Seitz filter the same difficulties would not 
be encountered, especially if filtration were preceded hy centrifugali· 
zat ion. 

Prese1'11ative Agents. 
In order to oMain a preservative specially for aggressin prepared 

in this way, a large number of experiments with different preparation,; 
were carried out. 

The main qualities to be lo•::lked for in this preservative agent 
were--

(1) it must not thl'Dw down too much deposit; 
(2) it must not destroy the immunizing substances contained 

in the vaccine ; 
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(3) it must with certainty prevent multiplication of the few 
organisms contained in the aggressin; 

( 4) it must have the tendency to kill off in time any orr,-anisms 
that are present; 

(5) it must not be harmful to the animal inje~t•Jd with 
aggressin. 

The bacterial-content of the aggressin was tested out by eultural 
methods and, where necessary, animal inoculation soon .tfter it. was 
made, nnd these tests were repeated at fixed intervals until the producr 
was f•ound to be absolutely germ-free. 

Our observation in connexion with the different agents :::aay he 
recorded briefly as fo'llows :- ' 

(a) Gly.~erine 60 per cent.--It may be mentioned that this con­
cen!ration of glycerine is employed very successfully for the preser­
vatwn of our anthrax spore vaccine. 

Glycerine 60 per cent. was found to be eminently suitable ±or 
the preservation of aggressin prepared according to the method 
described above, for not only does it check all further growth, but 
it has also been found to destroy after varying periods the few 
organisms present. The following examples may be given :--,--

(1) Ar;gtessin Ba.tch 9 was fonnd after preparation on the 
13th September, 1923, to be completely sterile. Tests 
carried out at intervals up to 18th June, 1924, proved it 
to have remained sterile. 

(2) Aggressin Batch 7 was found after preparation on the 4th 
July, 1923, to be infected with B. chauvaei and cocci. A 
further test carried out on the lOth August, 1923, proved 
1t to be sterile and this sterile condition was maintained 
throughout until 18th June, 1924, when the last examina­
tion was carried out. 

(3) Aggr:essin Batch 8 prepared on 16th July, 1923, was proved 
to be infected with B. chauva:e·i and cocci, bnt on lOtl1 
August, 1923, no black-quarter organisms could be 
demonstrated while cocci were still present. Finally, on 
2nd January, 1924, the vaccine was shown to be completely 
sterile. 

( 4) In the case of Batch No. 4 infection remained £<:>~ ten 
months, after which complete sterility was obtained and 
maintained. 

(h) Phenol and Glycerine in the concentration of t per cent. o£ 
the former and 25 per cent. of the 'latter have been found satisfactory 
as a preservative for blue-tongue vaccine. which, however, is drawn off 
from sheep under aseptic conditions. 

This preparation only throws down a little precipitate, but its 
antiseptic properties are not sufficiently great to serve our purpose. 

Tests showed that infected aggressin retained the infection for 
some time. 

(c) Phenol was tried in concentrations of both -~ and 1 per cent., 
but in both cases a considerable amount of deposit was thrown down. 
As far as the preservative action was concerned, 1 per cent. proved 
satisfactory, while t per cent. did not prevent further infection of 
~ggressin. 
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(d) Toluol in concentrations of ~. 1, and 2 per cent. did not prove 
to be satisfactory. 

(e) Chloroform in 2 per cent. concentration throws down a pinkish 
precipitate, leaving a supernatant fluid, of a clear, faint pink colour, 
which shows no immunizing properties. 

(f) Chinosol was tried in a concentration of 1 in 1,000; it threw 
down a brownish-red precipitate and did n·ot exert a well-marked 
inhibitory influence on the growth of organisms. 

(g) Alcohol in a 25 per cent. concentration throws down a 
brownish precipitate; the supernatant fluid, which has a rich red 
colour, passed readily through bacterial candles, but has no immuniz­
ing properties. 

(h) A_ m:nwnium Sulphate vi·as also tried, but had to be discarded 
owing to the fact that it proved to be extremely irritating when 
injected subcutaneously into guinea-pigs. 

(i) Chlommin T. in dilutions of 1 in 1,000 throws down a 
brownish-red precipitate and has very little antiseptic value. £ven 
concentrations of 1 in 500 failed to show a well-marked inhibitory 
effect on the organisms. 

(j) Oxy-chinoseptol in concentrations of 0.05, 0.1, and 0.2 per 
cent. failed to preserve aggressin even after it had been centrifu­
galized six times. 

(k) Brillant G1jeen in a concentration of 1 in 1,000 might bf' 
suitable as a preservative agent, but had to be discarded on account 
of its toxic properties. Even 1 c.c. of aggressin containing· the above 
agent was found to produce alarming symptoms in a guinea-pig, 
finally leading to extensive necrosis of the skin at the site of injection. 
T'he method of changing brilliant green into leuco-brilliant green by 
means of sodium hydro-sulphite, recommended by Coplans in 1922 
(10), was also tried, but did not reduce the toxicity sufficiently to make 
the preparation safe for use in animals. 

CONCLUSIONS. 

Of the large number of preservative agents submitted to om 
tests, only one gave satisfactory results. 60 per cent. glycerine was 
found to b!' the ideal preservative for the aggressin under discussion 
for the following among other reasons :-

(1) It is not sufficiently irritating· or toxic to render its use in 
animals unsafe and objectionable. 

(2) It does not throw down any precipitate. 
(3) It not only inhibits the growth of organisms , but also has 

the effect of gradually destroying them. 
(4) It does not interfere with the immunizing properties, even 

after the vaccine has been preserved for over two years. 

lmm·unity Tests. 
Aggressin prepnrell in the manner described above confers a very 

good, lasting immunity on animals. 
Small experimental lots of aggressin rendered germ-free by 

passing through filter candles have also been tested out, the filtrate 
so obtained giving the same protection as that resulting from the usP 
of centrifugalized aggressin. In fact, no differences could be noted, 
nor would one expect any differences with the methods employed in 
their preparation. To avoid repetition no actual experiments will be 
recorded here, since examp.Je~ of what may be expected are given in 
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the consideration of the keeping properties of the aggressm and of 
the duration of immunity. 

Keeping Properties. 

In this regard certain observations are considered to be of suffi­
cient interest to be recorded here. 

(a) Aggressin preserved in 60 per cent. glycerine and placed in 
cold storage has been tested at different periods; two of these' tests 
are given. as follows:-

ExPERIMENT No. 24. October, 1924. 

Test on Aggressin stored .fm· 23 Months. 

Sheep No. [vaccine Injected, 20.10.24. , Vir. Cult. I Tnj ., 11.11.24.1 Result. 

8708 
8781 
9614 
9627 

5 c.c. subcut. 
5 c.c. 
5 c.c. 
5 c.c. 

0 · 7 c.c. intramusc. Lived. 
1 c.c. 
0·7 c.c. 
1 c.c. 

----1-- ·--------------------------------

9544 } 
9602 
8940 

Controls 

• 

1· 7 c.c. intra muse. 
1 c.c. 
l c.c . 

Died (black-quarter). 

T'he results show that the immunizing properties aTe still retained 
and that, in fact, quite a good immunity is still set up by such a 
vaccine. 

ExPERUU:NT No. 25. March, 1925. 
Test on Aggress'in stored for 21 Yem's . 

Sheep No. / Va,ccine Inj., 10.3.25. I Vir. Cult. I Inj., 24.3.24.1 

----~----------

Result. 

10993 
11238 
11345 
11390 

11027 
11139 } 

5 c.c. subcut. 
5 c.c. 
5 c.c. 
5 c.c. 

Controls 

l c.c. intra muse. Lived. 
1 c.c. 
1 c.c. 
1 c.c. 

{ 0 · 7 c. c. intra muse. Died (black-quarter). 
1 c.c. 

Here again the results are striking, showing· clearly that the 
keeping properties of the aggressin preserved in 60 per cent. glycerine 
are extremely good. 

(b) To test the resistance against heat, samp1es of aggressins 
have been submitted to heating at different temperatures in a water­
bath and then tested out for their immunizing value. During heating 
the following physical changes were observed: -At 60° C. for half an 
hour the aggressin remained practically unaltered, while at 70° C. 
it was slightly thickened, and at 80° C. it got so thick that it was 
injected through a hypodermic needle with difficulty. At 90° U. the 
aggressin was almost competely coagulated, appearing as a semi-solid 
mass of a brownish colour. 
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ExPERIMENT No. 26. Decembe1·, 1924-JamtMy, 1925. 

Test on Sam.ples of Aggressin submitted to T1 m"ious 11emperatures. 

Sheep 
No. 

8919 
8962 
8980 

Vaccine · 
Subcut. 

5 c.c., 6.1.25 
5 c.c., 
5 c.c., 

Heated in 
Water-bath. 

60° C. for ! hour 
70° c. , i , 
80° c. , t , 

I 

I
. Vir. Cult. I, 

In tram usc. 

I 
I 
I o-6 c.c., 2o.1.25 

0·6 c.c., 
0·6 c.c., 

Result. 

Lived. 

--·--·--------- ·-----------1-------------------

9554 
9100 } Con trois f 0 · 4 c.c., 20. l. 25 I Lived. 

\._ 0 · 6 c.c., Died(black-quarter). 
I ----------·----------1-------------------· 

9077 5 c. c., 6 .1 . 25 90° C. for ! hom 1

1 

0· 8 c. c., 26 .1. 25 Died. 
9100 5 c.c., , 95° C. , t , 0· 8 c. c., , Lived. 

-----~-------------------~-!--------
9632 } Con trois { 0 · 6 c.c., 26 .1. 2o 1

1 

Lived. 
9628 I 0·8 c.c., , Died(bl<l.ck-quarter) 

8877 -5 c.c., ~.12.2:\~~~~or t hou~~~-~~=~1.12.2±-~ Dicd(bhck-quarter). 
8896 i) c.c., 95° c. t , 2 c.c., , 
8915 5 c.c., !)5° c. , l , 1 c.c., 
8933 5 c.c., !l5° c. " l , 2 c.c., 
8949 5 c.c., 95° C. 2 hours 1 c.c., 
8951 5 c.c., 95° c. , 2 , 2 c.c., 

--·-------------, 

, 
Lived. 
Died(black-quarter 

9433 
9531 
9579 

} Conltrols { 
0 · 5 c. c., 31.12. 24 Died (black-quarter) .. 
0·7 c.c., 

I 
1 c.c., 

The results show that heating op to 80° C. for half an hour does 
not appear to destroy the immunizing properties of the a!!·!~T""oHL 
Above this temperature, coagulation of the albuminous substances 
takes place to a marked extent, and the immunizing pToperties ap-pear 
to be decidedly smaller. A relatively large amount of virus was 
used in the tests carried out in December, but since the vaccine 
heated to 90° C. failed to protect a sheel? against one minimum letha! 
dose, we can accept that the immumzing properties had become 
smaller. 

Duration of lmmunity.-This matter is of importance, particu­
[arly since it has been claimed by some manufacturers that life-long 
immunity could be established after only one injection of aggressin. 
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ExPERIMENT No. 27. · 

To Pest the Du~ation of Immtmity. 

Sheep No. [ Vaccine Inj. Subcut. I Vir. Cult. I Inj. Intramusc·. [ Result. 

6963 5 c.c., 2.4.24 1 c.c., 8.10.24 I Lived. 
7088 5 c.c., 

" 
. 1·5 c.c., 

" " 7198 5 c.c., 
" 

2 c.c., 
" 

Died (black-quarter). 

9598 l { 0·5 c.c., 8.10.24 j Lived. 
9522 Controls 1 c.c., 

" I Died (black-quarter). 
9174 j 2 c.c., 

" I " " I 

7282 5 c.c., 2.4.24 1 c. c., 31.12. 24 I Lived. 
7383 5 c.c., 

" 
1·5 c.c., 

" 
Died (black-quarter). 

----
9433 l { 0·5 c.c., 30.12.24 Died (black-quarter). 
9531 Controls 0·7 c.c., 

" " " 9579 J 1 c.c., , 
" " - ---- ---------· 

7659 5 c.c., 2.4.24 0·7 c.c., 10.3.25 Lived. 
7743 5 o.c., 

" 
1 c.c., 

" " 7747 5 c.c., 
" 

1 c.c., 
" " 

8954 l Controls { 0·7 c.c., 10.3.25 Died (black-quarter). 
8958 J 1 c.c., 

" " " 

Although some of the anima'ls died in the tests, evidence is forth­
coming that the immunity conferred on animals is a lasting one. In 
this case, a fairly strong immunity could still be demonstrated after 
over eleven months. 

It seems to be possible that in many cases this immunity may lle 
of sufficiently long duration to carry calves over the most susceptible 
age. 
· Imported Aggressins.-Quite a number of natural aggressins are 
imported into this country and most of these have been submitted to 
tests for safety and efficacy. 

For the purpose of comparison w'ith our own product, examples 
of tests carried out with two of the best imported ag~P"essins are 
given here. 

I 
Sheep No. i 

3805 
4607 
6075 
4971 
5407 
4908 

6474 
6510 } 

ExPERIMENT No. 28. August, 1923. 

Toest on I mtported .4ggressin A. 

Vaccine, 3:8.23. 

5 c.c. subcut. 
5 c.c. 
5 c.c. 
5 o.c. 
5 c.c. 
5 c.c. 

Controls 

Virul. Cult. I, 20.8.23. 

0·5 c.o. intramusc. 
0·5 c.c. 
0·5 o.o. 
0·5 c.c. 
0·5 c.o. 
0·5 c.c. 

0 · 5 c. c. intramusc. 
0·5 c.c. 

Result. 

LiYed. 

" Died (black-quarter). 
Lived. 

Died (black-quarter). 
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'The immunity was tested against only one minimum lethal dose 
of virus and five out of the six sheep survived, thus showing a fair 
degree of immunity to be present. 

ExPERIMENT No. 29. April, 1924. 

To Test lm,ported A_qgre.•sin B. 

Sheep No. I 
I 

6967 
6982 
7030 
7679 

Vaccine, 2 .4 . 24. 

5 c.c. subcut. 
5 c.c. 
5 c.c. 
5 c.c. 

Virul. Cult. 'I, 14.4.24. Result. 

1 c.c. intramusc. Lived. 
1 c.c. 
1 c.c. 
1 c.c. -=-}---:::~--{-~:~;;~~-. --~ Died (black-quarter). 

It may be stated that this test was carried out a few months 
after the date of expiration given on the 'label of the bottle . The 
results of the test show, however, that its immunizing properties 
were still retained. 

ExPERIME NT No. 30. April, 1924. 

To T est Dum tion of lnvrnunity conje1-red by lmpo1'ted Vaccine B. 

I 
Sheep No. I Vaccine Inj . Subcut. 

6198 5 c.c., 2.4.24 
6497 5 c.c., 
6501 5 c.c., 

-95981~---------r 
9174 /- Controls ~ 
9522 j l 

6956 5 c.c., 2.4.24 
7060 5 c.c., 

9544 

,} 
( 

9602 Controls ~ 
8940 l 

Vir. Cnlt. I , Intramusc. 

1 c.c., 8.10.24 
1 ·5 c.c., , 
2 c.c. , 

0·5 c.c., 8.10 . 24 
1 c.c., 
2 c.c. , 

Result. 

Died (black-quarter). 

Lived. 
Died (black-quarter). 

0 · 7 c.c., 11 .11.24 Lived. 
1 c.c., Died· (black-quarter). 

0·7 c.c., 11 . 11.24 Died. 
1 c.c., 
1 c.c. , 

These results are certainly supnsmg and difficult to explain. 
The same vaccine was used as in the previous experiment and the 
inooulations were made• on the same dav. 

Apparently very little or no immunity was present after s1x 
months. 

Discussion and Conclusions. 

(1) The results of experiments carried out by the authors go to 
confirm those of other workers that germ-free natural aggressins 
confer a strong, lasting immunity on animals. 

(2) By the methods described here, namely, centrifugalization 
with a special machine and the addition of 60 per cent. glycerine, a 
sterile aggressin can be obtained. 
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(3) Vaccines prepared in this way hc:ive been shown to retain 
their immunizing pToperties for at least 2t years. 

(4) The aggressin can stand heating to. 80° C. in a water-bath 
for hal£ an hour without the immunizing properties being- interfered 
with. 

(5) Sheep injected with our aggressin still showed immunity 
when tested eleven months later. These animals had in the meantime 
not been exposed to natural infection. 

(6) The main disadvantages connected with this method of 
vaccination are the 1;1uffering inflicted on animals, its costliness, and 
the extra work entailed in its preparation. 'Ihe points referred to hardly 
require any further explanation; calves are used in the manufacture 
of the vaccine, and it is quite common for them to go through an acute 
attack of black-quarter lasting for many hours, during which they 
must suffer terrible agony; the period of suffering cannot be shortened 
and they must be allowed to die a natural death, otherwise the pro­
duction of aggressin is interfered with considerably. According to 
Zschokke (80), an averag·e of 8 'litres aggressin could be obtained from 
a single cal£, but in our experience the quantity was much smailer; 
this alone makes the vaccine expensive. Even the simplest technique 
that could be employed would involve a great deal of labour, and 
this further increases the cost of production. I£ this aggressin were 
greatly superior to any other form of black-quarter vaccine, the extra 
cost of production would be justifiable, but the authors are of opinion 
that an equally efficient vaccine could be produced in a much simpler 
and cheaper manner. The vaccine referred to is the so-called arti­
ficial aggressin to be discussed next. 

(2) ARTIFICIAL AGGRESSIN. 

Raux's work · in connexion with filtrates obtained from black­
quarter cultures has already been referred to. The following further 
reference to the literature will be found to have some bearing on t.he 
subject now under discussion:-

Saintefebre in 1893 (61) made the statement that he had been able 
to immunize against black-quarter by the subcutaneous injection of 
fi'ltered broth cultures. 

In 1911, Foth 't17) reported that it was possible to obtain germ­
free filtrates by repeated filtering of virulent cultures through bacterial 
filter candles, and that with an alcoholic precipitate of this filtrate 
guine~-pigs could be immunized against a lethal dose of virulent 
mater1al. We have already referred to the fact that Foth now ho'lds 
other views. 

In discussing Nitta's and Eichhorn's filtrates in 1918, Keiser (35) 
suggested that they were more or less unstable, and therefore not 
likely to withstand such outside influences as heat, light, air, etc.; 
he further contended that a considerable variation in potency was 
found to be present in the case of the different media used for their 
preparation. 

Graub and Zsciiokke (22) prepared black-quarter filtrates in 
Switzerland and in 1920 their first report on the results of this work 
was published. They were able to immunize cattle against two 
minimum lethal doses, and stated that this immunity could be 
increased by 5ubsequent injection of attenuated material which, if 

5:3 



used · by ,itself, conferred only a weak s"ud unsaf_e protection. With 
this combined method they were able ~o immunize guinea-pigs against 
five minimum lethal doses of virus 

In 1921, .Graub (23) published the results of field tests carried 
out during· the previous vear, and accordino- to these only 3 out of 
4,800 inoculated were los( . .~ . . · 

W eissenrieder in 1921 (73) reported that out of 22,089 cattle 
inoculated in Kanto:ri Bern, twenty-four deaths from black-quarter 
took place, while the losses in St. Gallen and Glarus amounted to 
only 11 out of 9,558 inoculated. 

In 1922 the veterinary authorities in Switzerland (16) mentioned 
the 'loss of only 2 out of 3,065 cattle that were inoculated. 

In 1924. Graub (24) brought out a further report which showed 
that of 89,060 cattle vaccinated during 1922 and 1923, deaths from 
black-quarter amounted t·o only 87. Graub t;ecommended a dose of 
2 c.c., since he was not able to see an appreciable difference in the 
degree of immunity. resulting from this ;;tnd the. dose of 5 c.c. usually 
employed. · 

ln Holland (65) a filtrat~ was prepared from equal parts of 
black-quarter cultures and muscle. juice; out of 403 calves vaccinated 
with this material, the loss of only one could be recorded. . . 

In 1922 (45) black-quarter filtrate was also made use of in Dutch 
Indies. · 

. As mentioned earlier, the first attempts at preparing an efficient 
black-quarter vaccine of this type in South Africa were made . l>y 
:Meier, who followed the method of Graub and Zschokke. The filtrate 
so obtained produced only a very weak im!llunity and, as stated 
earlier, these poor results led to special attention being paid to the 
study of natural aggressins. Work in connexion with artificial aggres­
sin was . however, continued by Viljoen and Sheppard, who, following 
the technique suggested by Nitta, were able to bring out a consider­
ably improved product which was issued for use· in practice. from 1922 
onwards. Since then further efforts at improvement have been .con­
tinued by the authors; that these efforts have been crowned with il 

considerable measure of success will be seen in the following pag.es. 

Methods of Pteparation and Testt~n,q. 
The following references to previous · work may be given :­
The reports of Roux in 1888 and Leclainche and Vallee· in 1900 

have already been referred to. 
Grassberger and Schattenfroh in 1908 (21) used media containing 

a high percentage of chalk and carried out filtration through a layer 
of semi-solid chalk.' 

Keiser (1918) (35) reported that the best results were obtained 
from the use of a modification of Martin's peptone broth medium. 

Nitta (1918) (52) used for his cultures tubes or flasks having a 
capacity of !-1litre. Into each flask or tube were placed small pieces 
of lean beef or calf's liver, sufficient to form a 'layer a few inches 
thick; ordinary broth was then added, the . vessels plugged with cotton 
wool and sterilized in steam. A large loop full of black-quarter 
e:l>..lldate or culture was used to inoculate each flask, which was then 
incubated at 370 C. for five to ten days ; The filtrate was preserved 
by the additi•on of toluol. · . . . 

Graub and Zschokke (1920) (22) used broth to whiCh orgamc 
substances had been added; according to the method of 'farozzi. 
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For filtering Chamberland candles were made use of. In Technical 
Bulletin No. 10 issued by the Kansas State :Agricultural College .(34) 
it is stftted that the . organisms are grown in brain-liver medium . for 
nine days, the liquid removed, phenolized, and then filtered. Luitjens 
(1922) (45) grew his cultures in liver broth for three weeks, passed 
the liquid through flterile g-auze, and then ~ubmitted it to centrifuga­
lization; this was Clone to avoid getting the filter candles blocked; 
filtration was then earried out with coarse- Berkefeld and fine Cham­
berland candles after 5 per cent. phenol had been added. 

Berg in 1923 (8) strongly recommended " Thirty days blackleg 
:filtrate." To obtain such a filtrate a special medium was employed, 
differing from the usual media in the following respects :-

(1) Sterilization is carried out by :filtration (and not by heat) so 
that none of the nutrient material would be · destroyed or the P .H. 
altered in any way. 

(2) The constituents of the medium are selected in the light of 
the best available data on the food and mineral requirements of 
bacteria in general and the blackleg bacillus in particular. No 
details of these constituents were given. Berg claimed that a filtrate 
made from a seven days' culture wt)uld protect ca.lves against enormous 
doses of blackleg virus. To obtain the maximum protective value 
the cultures must be allow.ed to grow for thirty days or longer. 

Lourence and Te Hennepe, according to their report of 1924 (44), 
prepared their :filtrate from cultures grown in ordinary broth con 
taining pieces of meat or liver. 

Tenbaeff (1924) (65) , in referring- to these cultures, mentioned 
that they were grown for eight days and three weeks. 

:Allen and Bosworth (1924) (1) employed as medium a tryptic­
digest broth to which fresh minced muscle had been added, the final 
P.H. being approximately 7.8. Each bottle was inoculated with 30 
c.c. of a 24-48 hours' broth culture and at the Harne time sufficient 
sterile g-lucose solution was added to give a concentration of 0.2 per 
cent. :A very active growth resulted and was allowed to go on for 
five days. when :filtering- through Berkefeld candles was carried out. 
To stimulate the production of a higher degree of immunity, double 
vaccination at an interval of fourteen davs was recommended. 

Berg (8) made a further statement in ··1924, when he claimed that 
prolonged anaerobic growth cou1d be obtained by utilizing- media 
containing- 12 per cent. dextrose; in the ease of black-quarter vigorous 
growth continued for thirty days and longer. The composition of the 
medium was given as follows:-

\Vater 
Live1 (nog) . . . 
Peptone .... . 
Ring-er salt .. . 
Chalk ........ . 
Dextrose ..... . 

7,000 c.c. 
2,500 grm. 

80 grm. 
40 grm. 

350 grm. 
1,000 grm. 

These quantities were intended for a 12-litre flask. Special stress 
is laid on the fact that the liver must be fresh, not more than twenty­
four hours old. Sterilization was carried out at 15 lb. pressure for 
forty-five minutes, which was found not to be injurious to the me<'lium. 
It is claimed that the medium keeps well and that no readjustment 
of the P.H. was necessary. 
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Dalling (1924) (12) obtained the best results when the filtrate 
was prepared from cultures grown for four days, the immunity being 
such that in 80 per cent. of cases 2.5 c.c. vaccine would afford pro­
tection against at lleast one minimum lethal dose; A higher degree 
of immunity, up to 100 per cent., could be obtained by carrying out 
a second inoculation after an interval o:£ fourteen days. 

Our Methods.-The discussion of these may be taken up from 
the time (1922) Viljoen and Sheppard were able to bring about su<'b 
improvements that the vaccine could be issued f·or use by farmeri:l. 
Nitta's methods were followed, excepting for the following mudifi­
cations :-

Large flasks of 10 litres capacity were employed and the ordinary 
bouillon was replaced by liver broth. Still later the medium wa!! 
made up of boHed pieces o£ li,~er placed in the liver broth, which 
contained 1 per cent. glucose, 1 per cent. peptone, .3 per cent. N aCl, 
and 12 per cent. NaHP04 • Flasks containing the medium were 
sterilized in the autoclave at 110-115° C. for an hour on each of three 
successive days. The P .H. was adjusted to 8.4 to allow for the sub­
sequent change in reaction; this was not found to interfere with the 
initia'l growth in any way. Inoculation of the medium was done by 
means of a Pasteur pipette. Infection of the flasks was not uncommon 
and it was thought that this infection took place during the pror.ess 
of inoculation of the medium. To rule out infection derived from this 
source, a test-tube containing v. Hibler's medium was fixed in the 
neck of the flask, inoculated through a glass tube by means of a 
platinum loop or Pasteur pipette; as soon as it showed good growtli 
the tube with its contents was pushed down into the liver broth. 

Later on it was found that infection of the flasks did not occur 
during the process of inoculation, but was due to faulty sterilization. 
We therefore reverted to the use of the Pasteur pipette of 5-10 c.c. 
capacity, the seed material being obtained from cultures grown in 
v. Hibler brain medium which had been submitted to sterilization 
by live steam. With this method a growth considered fairly good at 
the time was obtained; the growth was indicated by the presence on 
the surface of the medium o£ gas bubbles varying ir:_ sizeJ up to that 
of a crown piece. Gas formation as an indication of growth W!l.S 

observed for different periods up to thirty-four days, but what "· e 
could now consider a good growth was not present. Tests carried 
out with filtrate prepared from these cu'ltures showed that the 
ill!-munity produced in animals was rather weak and very viuial;Ie, 
thus confirming the experiences of Keiser, Zschokke, and others. 
While some batches of filtrate gave a good immunity against one 
minimum. lethal dose of virus, with others only some o:£ the test 
animals were protected against one minimum lethal dose. 

Further lmpro1jements.-It was realized that so long as the filtrate 
was variable in its immunizing value, it could not be considered a 
marked improvement on the powder vaccine previously discussed. 
Further attempts at improvement were, therefore, made, and the 
following is a short resume o£ the work that has been dime in this 
direction :-

Since quite g>:lod immunizing batches of vaccine had been 
obtained in some cases, it was clear that the fault lay in the technique 
employed, and particularly in the culture medium. To rectify the 
:£au!lts, numerous experiments were made. 
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Intermittent sterilization of the medium at 100° C. (instead of 
110-115°) for an hour on each of three to four successive days brought 
about no real improvement; the growth obtained was slightly pro­
longed, but not more intensive; no better immunity could be 
demonstrated, while many flasks showed infection and had to be 
discarded. · 

Liver, brain, h~art, spleen, and muscle ob~ained from different 
species of animals (horses, cattle, and sheep) were tried separately and 
in combination, but no appreciable improvement could be demon-
strated. · 

Instead of glucose, maltose· and lactose were experimented with, 
but the results were about the same as with glucose; cheaper substi­
tutes, such as commercial glucose, proved very unsatisfactory. 

Fresh sterile blood or serum from cattle and horses was added 
afterr the medium had been sterilized, but this was not a success. 
Martin's bouillon was also tried, but the results were no better. 
Finally the real cause ·of the insufficient growth of our cultures was 
found to lie in the excessive sterilization to which such large quantities 
of material had necessarily to be submitted. It was thought that 
some essential ingredient of the medium might have been destroyed or 
altered by the sterilizing process, and the first constituent experi­
mented with, namely, glucose, proved to be the correct one. The 
glucose in watery solution was sterilized separately iu the autoclave at 
116° C. for half an hour on each of two successive days, and only 
added to the medium after sterilization. From the time this change 
was made a great improvement could be noticed; the growth was much 
more vigorous, gas-bubbles in the form of froth ofteu filling the whole 
empty space above the medium and actually reaching to the cotton­
wool plug. It was found, however, that the more vigorous the growth 
the sooner it stopped. the' medium having become exhausted of one-vf 
its important constituents. Knowing that glucose is fermented 
rapidly, a fresh supply of this sugarwas added, sufficient to bring it 
to its original concentration of 1 per cent. This operation was imme­
diafely successful, a renewed growth as vig·orous as, or even more so 
than, the initial one following very soon afte.r . \Vhen this second 
period of growth hafl stopped, the operation may be repeated with the 
same good results. In fact, the cultures can be kept growing for a 
month or longer by repeating this simple operation. 

At one- time we thought that the P.H. had a great deal to do 
with the growth of black-quarter organisms, and, as a matter of 
fact, in cases where growth had ceased it was found to be as low as 
5.3. Adjustment to about 8, withaut addition of glucose, did not, 
however, have the desired results. 

Since the addition of glucose has to be made to growing:fl.asks after 
every few days, we have made it a practice of adjusting the reaction of 
the medium at the same time. The important question of how long 
the cultures Rhould be kept growing now arises. To answer this, many 
observations and experiments have been made. It is clear that the 
growth in each flask should be observed separately; this growth may 
l1e represented by curves, . as shown in the f·ollowing chart.-
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GROWTH CURVES OF BATCH 62. 

MAY 1924 
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EXPLANATIOS'. 

All flasks injected with virulent B. 0. culture ard May, 1924. 

All flasks removed from incubator 28th May, 1!-24. 
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1 - Very weak growth 
2'-Wtf!.k groiVth ... 
!!-Rather weak growth 
4-Fair (sufficient) growth 
5-Fairiy g"od growth 
6-Goorl gr·owth ... 

.. . Lt ss than -r'IT of surface covered by gas. 

... 'fo to i 

7-Very good growth 
8-Vigorous 11rowth 

... ! to ! 

... ! to jj- , ,. ,, , 
... i to whole of surface covered by gas. 

Gas layer· up • o I' thick. 
... Gaij layer over 1' thi"k. 

Regarding the optimum period of growth required for the produc­
tion of a good vaccine, it may be stated that in the routine method 
followed by us an average period of about three weeks is usually 
allowed; dur in g this time the medium will have to be "re:djusted" 
ahout three times . 
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It should be made perfectly clear; however, that the quality of 
the growth is perhaps even more important than the ueriod. For 
instance, a few days' vigorous growth has been found of much greater 
value than a few weeks' weak growth. 'fo illustrate this a few 
examples may be given :-

Sheep No. 

8617 
8618 
8224 
8638 

8723 } 8737 

(a) ExPERIMENT No. 31. July . 1924. 
Test of Vaccine Grown Four Days. 

Vaccinated, 15.7 .24. Vir. Cult. I, 29.7 .24. 

5 c.c. subcut. 0 · 7 c.c. intramusc. Lived. 
5 c.c. 

" 
1 c.c. 

" " 20 c.c. 
" 0·7 c.c. 

" " · 20 c.c; 
" 1 c.c. 

" " 

Result. .. ' 

Controls { 0 · 7 c.c. in tram usc. Died (black-quarter). 
1 c.c. " " " 

The results show a well-marked immunity to be present, sufficient 
to protect against more than one minimum lethal dose of virus. This 
happened to be an exceptionally good vaccine. but the resvlts show: 
clearly that after a few days' vigorous growth a good immunizing 
filtrate could be obtained in some cases. · 

(b) ExPERIMENT No. 32. March, 1923. 
Te.~t of Vaccine Grown for Twenty-three Days. 

Sheep No: Vaccinated, 26.3.23. Vir. Cult. I Inj., 10.4.23. Result.' 

' 
5014 . 5 c.c. subcut. 0·5 c.c. intramusc. Lived. 
5117 5 c.c. 

" 
o-5 c.c. · 

" 
Died (black-quarter). 

5095 20 c.c. 
" 

0·5 c.c. 
" 

Lived. 
5119 20 c.c. 

" 
0·5 c.c. 

" 
Died (black-quarter). 

5083 . Control 
I 

0·5 c.c. intramusc. 
I 

Died (black-quarter) . 

In this ca;;e the growth was weak throughout. The results showed · 
some immunity to be ·present, but not nearly sufficient to allow· the 
vaccine to be passed for issue. · 

(c) ExPERIMENT No. 33. March, 19.23. 
Test of V acoine Grown for Forty-five Days. 

Sheep No. Vaccinated, 26. 3·. 23. Vir. Inj. Intramusc., 10.4.23. Result. 

5098 5 o.c. subcut. 0·5 c.c. vir: cult. I Died (black-quarter)._ 
"4977 5 c.c. 

" 
10 mg. vir. muscle powder " " 5057 20 c.c. , . lOmg; , 

" 
Lived. 

5025 20 c.c. 0· 5 c.c. vir. cult. I ' 
" " 

5133 } Controls { 0·5 c.c. vir. cult. I Lived. 
5034 10 .mg. vir. muscle powder Died (bh~ck-quarte:.:). 

' 
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This is a vaccine in which a weak growth continued for as long. 
as forty-five days. The results obtained in the above test are much 
the same as were recorded in the previous experiment. 

Summary of lmp·roved Techniqu·e. 
Having described the method of gr.owing· cultures intended for the 

preparation of artificial aggressin, we may now give a short summary 
of the whole process of manufacture:- . 

(1) About six to twelve 10-litre flasks containing the medium pre­
viously deE.cribed are taken and incubated for at least forty-eight 
hours to make certain that no accidental infection had occurred. 

(2) Inoculati·on of the flasks is carried out with pure cultures 
grown in v. Hibler's medium for twenty-four hours, by means of 
Pasteur pipettes. This operation is done· under the flame, every 
precaution against contaminatiol'l- being taken. 

(3) The flasks are now placed in the incubating-room for an 
average period of about three weeks, during which time the growth in 
each flask is observed daily and readjustment of the medium made 
when necessary (usually about three times). 

(4) Flasks which have shown good growth are selected for the 
vaccine. They are . first oof all examined for purity (()'ross infectiOn 
can be detected by the odour and change in colour), and if apparently 
pure, subeultures from each flask are made on ordinary agar slants 
and incubated both aerobically and anaerobically for three days. In 
the meantime the . flasks are kept in cold storage. This cultural test 
is of course not absolutely reliable, · but serves the purpose. Flasks 
which pas;; this test are selected for filtration, being taken out or the 
cold storage in the ev~ning. 'l1he liquid is drawn off and kept at room­
temperature during the night so as to allow sedimentation of sus­
pended particles. It will be found that a considerable amount of 
deposit is thrown down during thio; iime. 

(5) Prefiltration or a preliminary filtration is now carried out as 
follows:-

The clear supernatant liquid is syphoned off from the flasks and 
passed through a layer of paper-mash, which is prepared by mixing 
small pieces of filter-paper in water contained in a bucket until a 
mi:it~re qf the consistence of paste is obtained. A round piece of 
wire-gauze is fitted into a funnel and then eovered with a thin layer 
of cotton-wool; a layer of paper-mash, ll-2 inches thick. is now made 
on top of the cotton-wool. Filtration is assisted by means of suction 
applied to a pressure flask. A fine deposit forming on the paper-mash 
is likely to retard the passage of the fl•1id, but this may be scraped off 
or, when necessary, the paper-mash has to be changed . When large 
quantities of yaccine have to be made, several funnels fitted out as 
above can be brought into operation simultaneously. The :filtrate so 
obtained will pass readily through any bacterial filter. 

(6) Final filtration : For this purpose we have found one of the 
larger asbestos filters, manufactured by Seitz W erke, Kreuznach, far 
superior to any other filtering apparatus. With this filter, fully fitted 
out ·with its eight asbestos plates, 30 litres of fluid can he filtered 
within half an hour. The fluid contained in a large glass vessel is 
placed about 3 feet higher than the Seitz filter, rubber-tubing being 
used to syphon ·off the fluid to the inlet of the filter. The outlet-pipe 
is connected with rubber-tubing to a sterile flask of ,!0 litres capacity. 

Once the inlet-tubing is filled the liquid will by gravitation fill 
the chambers of the filter and pass throug-h the asbestos plates to the 
outlet-pipe. 
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(7) Test for sterility : From 30 to 50 c.c. of the filtrate are 
sy~oned off, unde<r aseptic conditions, into several tubes containing 
v. Hibler's brain medium. These are incubated for three days, when, 
if no growth is observed, the filtrat~ may be considered sterile. If by 
any chance organisms are detected in the filtrate, refiltration may be 
carried out without harming the vaccine in any way. 

(8) As a preservative agent; from i to l per cent. phenol may be 
added to the sterile filtrate. 

(9) Animal inoculations for the purpose of detetl'mining the safety 
and immumzing value of the vaccine are carried out as a routine 
measure. 

To test the safety, two sheep are each injected with one dose of 
vaccine, while two further sheep receive each four doses (20 c .c.). 
These animals receive an injection of virus about a fortnight later, 
and the vaccine is passed for issue only if its immunizing value is 
satisfactory. Details of the tests f,or safety and immunity will be 
found in the following pages. , 

In order to show that a real improvement has been effected in the 
immunizing value of our artificial aggressin, it is necessary to give a 
few examples of tests carried out with some of the earlier products. 

lm1nunity Tests. 

ExrERIME~T No. 34. February, 1923. 
To Test the Safety and Effi:;acy of Vaccine No. 10. 

Sheep No. Vaccinated, 26.2 .23. Vir. Cult. I, 13.3.23. Result. 

5020 5 c.c. subcut. 0·5 c.c. intramusc. Died (black-quarter). 
5089 5 c.c. 

" 
0 ·5 c.c. 

" 
Lived. 

4980 20 c.c. " 0·5 c.c. 
" Di~d (black-quarter).. 2281 20 c.c .. 

" 
0·5 c.c. 

" 
5083 Control 0·5 c.c. 

" 
Died (black-quarter). 

The results show that only two out of the four sheep were 
protected. again~t one ~inimum lethal d'ose of virus, a:rid incidentally 
that the 1mmumty denved fwm 20 c.c . was no better than t:l\.at which 
followed after the injection of 5 c.c. 

ExPERIMENT No. 35. il!a?f, 1923. 
To T est the Safety and Efficacy of Vaccine No. 17. 

Sheep No. Vaccinated, 15.,5.23. Vir. Muse. Powder Inj., 
Result; 28.5.23. 

4982 5 c.c. subcut. 15 mg. intramusc. Lived. 
5044 5 'c c. 

" 
15 mg. 

" " 5006 20 c.c. 
" 15 nig. 

" ;; 
5066 20 C.C; 

" 
15 mg . . 

" " 
53,32 \} Controls { 15 mg. intramusc. Died (black-qu'arter). 
5046 15 mg. 

" " " 
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In this case a more reliable immunity was obtained, all four 
sheep being- protected against one minimum lethal dose of virulent 

· ·b:l.itck-quarter powder. · 
·. . - After ··the improved methods of preparation d·escribed in this 
p.~per had been adopted, no furthe1· losses in the immunity test with 
one ·to one and a hal£ minimum lethal do~e of virus were experienced. 
Consequently the amount of virus used in these tests was gradually 
i~creased, as will be seen in the following further experiments:-

: 

ExPERIMENT No. 36. June. 1924. 

To Test the Safety. and Efficacy of Vaccine No. 62., 

Sheep No. Vaccine Inj., 9.?.24. Vir. Cult. I Inj., 24 . 6.24 . Result. 

. ,. 

7100 5 c.c. subcut. 1 c:c. intramusc. Lived. 
7301 5 c.c. 

" 2 c.c. 
" " 7316 20 c.c. 

" . 1 c.c. 
" " 7742 20 c.c. 

" 2 c.c. ... " 
8598 } Controls { 1 c.c. intramusc. Died (black-quarter). 
8600 0 ·7 c.c. 

" " " 

In this case a fairly strong immunity could be demonstrated, all 
four sheep surviving the test, even when about three minimum lethal 
doses were employed. 

ExPERIMENT No. 37. July, 1924. 

To Test Safety and Efficacy of Vacm:ne Batch No. 64. 

Sheep No. Vaccinated, 15.7 .24. Immunity Test, 29. 7 . 24. Result. 

6350 5 c.c. subcut. 1 c.c. vir. cult. I, intramusc. Lived. 
6543 5 c.c. 

" 2 c.c. 
" " " 6812 . 20 c.c. 

' 
3 c.c. 

" " " 7350 : 20·c.c. 
" 

. . 5 c.c. 
" " " 

., _i.!.8723 · } Controls { . 0 · 7 c.c: vir. cult. I, intramusc. Died .(black-quarter). 
\; . 8737 1 c.c. 

" " " " 

The results of this test show the immunizing value of the vaccine 
to be very high, all four >Jheep surviving in sp·ite of the fact that the 
quantity of virus was increased to sevem. minimum lethal doses. 

By this time it was realized that a vaccine o·f high protective 
value bad been obtained. · Experience in the field ·at the sanie time 
had shown that vaccines which p1'3tected sheep with certainty against 
at least one minimum lethal dose of virus were quite satisfactory. 
In this connexion it must be pointed out that satisfactory results had 
been claimed for a numberr of years from the use of the powder vaccine, 
which in our experience practically never reached this standard of 
efficacy. In order to satisfy ourselves completely concerning the high 
s_t~.t!:.__o_f .~:f!i()i~p.cy reach~.<l .hy_the vaccine, it was decided to determine 
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the highest degree of protection afforded by the filtrate. 'l'he follow­
ing are the details of the test .carried out in o:mnexion with two 
separate batches :-

ExPERIMENT No. 38. July and September, 1924. 
To Test Highest Amount of Protection. 

Shoop No., Vaccinated Subcut. 

I 
, I 

Vir. Cult. I, Intramusc., Result. 

.. 
7493 5 c.c., batch 72, 15.7. 24 2 c. c., 29.7. 24 Lived. 
8703 5 c.c., 

" .. 5 c.c., .. .. 
8734 5 c.c., .. .. 10 c.c., 

" .. 
8735 5 c.c., .. .. 20 c.c., .. .. 
8723 { Controls { 0·7 c.c., 29.7.24 Died (black-quarter). 
8737 0·7 c.c., .. " .. 
9498 5 c.c., batch 65., 1.9. 24 2 c.c., 16 .9.24 Lived. 
9508 5 c.c., .. .. 5 c.c., .. .. 
9518 5 c.c., .. .. 10 c.c., 

" " 9591 5 c.c., 
" " 

20 c.c., 
" " 9600 5 c.c., 

" " 30 c.c., 
" " 9607 5 c.c., 

" " 50 c.c., 
" Died (black-quarter). 

9523 } Controls { 0·7 c.c., 16.9.24 Lived. 
9557 1 c.c., 

" 
Died (black-quarter). 

The results were certainly surpnsmg, since we did not think it 
possible for such a high degree of immunity to be conferred on animals 
by only one injection of vaccine. In the case of both batches it will 
be noted that the ordinary dose of vaccine protected sheep against up 
to thirty minimum lethal doses of black-quarter virus. Stress must, 
however, be laid oil the fact that these were exceptionally good batche,-: 
of vaccine, and that even when the same technique is employed it i~ 
not always possible to reach the same high standard of efficiency. A~ 
a matter of fact, in the routine preparation of vaccine ~everal batches 
have been encountered where all the sheep were not protected against 
two minimum lethal doses and more of virus. In these cases •optimum 
growth was probably not obtained in all :flasks, with the result that 
the immunizing value of the vaccine suffered to some extent. 
Examples of two such vaccine batches are g-iven here :-

(a) ExPERIMENT No. 39. March, 1925. 
Test of Vaccine Bat:Jh No. 82. 

Sheep No. I Vaccinated, 10.3.25. ,. Vir. Cult. I, 24.3.25. Result. 

---
10587 2 c.c. subcut. 1 c.c. intramusc. Lived. 
10951 2 c.c. 

" 1 c.c. 
" " 11401 5 c.c. 

" 1 c.c. 
" " 11406 5 c.c. 

" 1 c.c. 
" Di~d (black-quarter). 10619 20 c.c. 

" 2 c.c. 
" 10968 20 c.c. 

" 2 c.c. 
" Lived. 

11027 } Controls { 0·7 c.c. intramusc. Lived. 
11139 1 c.c. 

" Died (black-quarter). 
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One out of the six sheep died in the immunity test when at least 
tw:o minimum lethal doses were used. This sheep also suffered from 
pneumonia at the time, so that probably this was partly responsible 
for its death. 

It will he nott;)d that two sheep received only 2 c. c. of vaccine. This 
was to find out whether there was any marked difference in the degree 
of immunity resulting from the injection of different quan~ities of 
vaccine. 'rhe results show that at least as much protectwn was 
derived from 2 c.c. as from 5 or 20 c.c., thus confirming Griiub's 
statement previously referred to. - - -

(b) ExPERIMENT No. 40. April, 1925. 

To Test Vaccine Batch .Vo. 85. 

Sheep No. Vaccinated. 15.4 .25. Vir. Cult. I, 28.4.25. Results. 

---

10260 2 c.c subcut. 1 c.c. intramusc. Lived 
10746 2 c.c. .. 2 c.c . " " 10955 5 c.c. 

" 
1 c.c. 

" " 11446 5 c.c. 
" 

2 c.c. 
" " 10712 20 c.c. 

" 
1 c.c. 

" " 10937 20 c.c. , 2 c.c. 
" 

Died (black-quarter) 

10605 } { 0·7 c.c. intramusc. Lived. 
10636 Controls 1 c.c. " 

Died (black-quarter). 

The results obtained :from this test are very similar to those of 
the expe>riment just discussed. Here, also, it happened to be one of 
the sheep which received 20 c.c. of vaccine that died in the immunity 
test. 

Keeping P-roperties. 

Under this heading will be discussed the keeping pronerties of 
artificial aggressin submitted to different temperatures and stored for 
varying periods. 

(1) The first observations to be recorded were made in connexion 
with vaccines kept under the following connitions:-

(a) In cold storage at a temperature varying between 0° 0. and 
2° 0. 

(b) In a cellar where the light was fairly d{m and where the 
temperature varied from 15° 0. to 27° 0. 

(c) In the incubator at a temperature of 37° 0. too 38° 0. 
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Comparative tests with vaccines kept under these conditions were 
made as follows :-

EXPERIIMENT No. 41. May, 1924. 

Test on Vaccines Stored for Two and a Half Months. 

8heep No.I Vaccine Injected Subcut. 

7331 5 c.c., 13.5.24 (kept in incubator) 
7440 5 c.c., 

" ' 7484 5 c.c., 
" " 

7519 i5 c.c., 13.5.24 (kept n{ cellar) 
7530 5 c.c., 

" " 
7540 5 c.c., 13.5.24 (kept in cold storage) 
7728 5 c.c., 

" " 
8589 

} J 7091 Controls. 7124 
L 7284 

Vir. Cult. I, 
In tram usc. 

0·7 c.c., 14.6.24 
1 c.c., " 1 ·4 c.c., 

" 
1 c.c., 14.6.24 
1·4 c. c., 

" 
1 c.c., 14.6.24 
1·4 c.c., 

" 
0·5 c.c., 14.6.24 
0·7 c.c., " 0·7 c.c., 

" 1 c.c., 
" 

I 
Result. 

·--· 
Lived. 
Died (black-quarter). 
Lived. 

Lived. 

" 
Lived. 

" 
Died(black-quarter). 
Lived. 
Died(black-quarter). 

" " 

The results show that the immunizing value of the vaccine was 
retained in all cases, excepting 1-hat the sample kept in the- incubator 
seemed to have decreased in value slightly. 

ExPERIMENT No. 42. August, 1924. 

Test on Vac.c.ines Stored j'o1· Five Months Twenty DGIIJS. 

Va0cine Injected Subcut. Vir. Cult. I, 
In tram usc. Result. ;Sheep No.I 

----~------------~----------~---------

9179 
9202 

9229 
9305 

9430 
9533 

1

5 c.c., 20. 8. 24 (kept in incubator) 0 7 c.c., 2 . 9. 24 
5 c.c., , , I c.c., , 

5 c.c., 20.8. 24 (kept in cellar) 0 · 7 c. c., 2. 9. 24 
5 c.c., " " 1 c.c., " 

5 c.c., 20.8. 24 (kept in cold storage) 0 · 7 c.c., 2. 9. 24 
5 c.c., " " l c.c., " 

Lived. 

Lived. 

Lived. 

------l------------- -------;:---------l----------
9269 
9289 
9368 
9463 

} Controls 
1 o-7 c.c., 2 .9.24 
~ I c.c., . , 

L 
0·7 c.c., 2.9.24 
l c.c., " 

Died (black-quarter). 
" , 

Lived. 
Died(black-quarter). 

The results show that the immumzm~· properties were still 
retained in all cases. The virulent test was not so strong as in the 
_previous case, and this may acoount for the fact that no breakJ.own 
in immunity. was observed in the sheep. which had been injected with 
-vaccine kept in the incubator. 
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ExPERIMENT No. 43. December, 1924. 
Test on Vaccine Kept for Nine Months Twenty-two Days. 

Sheep No. Vaccine B. 49 Inj. Subcut. Vir. Cult. I, Result. In tram usc. 

8615 1 5 c.c., 22.12.24 (kept in incubator) I 0·6 c.c .• 7.1.25 Died(black-quarter). 
8636 5 c.c., " " I c.c., , 

" " 
9203 1 5 c.c., 22.12. 24 (kept in cellar) I 0·6 c.c .• 7.1.25 Died(black-quarter). 
9204 5 c.c., " " I c.c., , Lived. 

9217 5 c.c., 22.12.24 (kept in cold storage) 0·6 c.c., 7 .1.25 Lived. 
227 .. 9 1 5 c c ' 1 1 c.c., 

-------
9255 I} Controls {I 0 · 4 c.c., 7 .1. 25 
9297 0. 6 c.c., " 

Died(black-quarter) . 

In this case both sheap injected with vaccine that had beeu kept 
iu the incubator died in the immunity iest, while one that had been 
done with vaccine stored in the cellar also succumbed to one and a half 
minimum lethal dose of virus. 

flther observations had givan the indication that vaccine kept in 
the cellar retained its immunizing· properties as well as, or even better 
than, that stored in the cool chamber, and hence a further test was 
canied aut in connexiou with the. first named. 

ExPERIMENT No. 44. Janu,(Lry, 1925. 
To Test Vaccine Kept in the Cellar for Eleven Months Seven Day.s . 

Sheep No. I Vaccinated, 5.1.25. Vir. Cult. I Inj., 20.1. 25. Result. 

!!~! H:~: subcut. g:i ~:~: intramusc. I' Li~,·:,ed. 
9631 5 c.c. 1 c.c. 

-------1----------------:------------------: 
9554 j} Controls {j 0·4 c.c. intramusc. I Lived. 
9558 0·6 c.c. Died (black-quarter). 

The results show clearly that artificial aggressin kept at a reao:on­
ably low temperature wQuld retain its immunizing properties for at 
least eleven months. 

ExPERIMENT No. 45. March, 1925. 
CO?nparati,ve Tests with Vaccine Kept fo r One Yea?' Nineteen Days. 

Sheep Vaccinated Subcut., Vir. Cult. I, Intramusc., 

I 
Result. No. 19.3.25. 31.3.25. 

10486 5 c.c. (kept in incubator) I 1 c.c., strain 1 Died (black-quarter). 
10492 5 c.c. 1 c.c., 

" " 10499 5 c c. (kept in ~~liar) 1 c.c., 
" 

Li~ed. 
10761 5 c.c. 1 c.c., 

" Di~d (black-quarter). 10822 5 c. c. (kept u;_• cold storage) 1 c.c., 
" 10835 5 c.c. 

" 
1 c.c., 

" Lived. 

11388 j} Controls { 0 · 7 c.c., strain 1 Died (black-quarter). 
11400 l c.c., 

" " " 
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. The results confirmed those obtained from previous tests, namely, 
that vaccine kept in the incubator loses its immunizing properties after 
a time, while that kept at reasonably low temperatures retain these 
properties for long periods, in the present case for over a year. 

This result is of great imporbnce in view of the fact that some 
workers. have thrown doubt on the keeping- properties of artificial 
aggrassm. 

(2) To test the keeping properties of artificial ag-gressin when 
exposed to excessive heat and strong light, a number of experiments 
has been carried out. 

(a) Heating carried out in a water-bath at different tempera­
tures. 

ExPERFMEN'l' No. 46. August, 1924. 

Sheep No.I Vaccine Injected Subcut., 20.8.24. I vir. Cult. I, 2.9.24. 1 Result. 

\ 
I 8875 5 c.c., batch 64, heated to 60° C. for t hour 1 c.c., intramusc. Lived. 

9000 5 c.c., 
" " 

70° c. 
" t " 

1 c.c. 
" " 9007 5 c.c., " " 

80° c. " t " 1 c.c. " " 9063 5 c.c., , . 
" 

90° C. 
" .; " 

1 c.c. 
" " 9066 5 c.c., 

" " 
95° c. 

" t " 
1 c.c. 

" " 
9269 

} { 
0·7 c.c. intramusc. Died (black 

quarter). 
6989 Controls 1 c.c. ,, 

" 9368 0·7 c.c. 
" 

Lived. 
9463 l c.c. 

" 
Died (black· 

quarter)'. 

It is apparent from the :results, that the heat resistance of the 
aggressin is relatively great, its immunizing pi'operties being fully 
retained even after exposure to heat at 95° C. for hal£ an hour. 

ExPERIMENT NQ. 47. Nov.:.mber, 1924. 

Sheep No.I Vaccine Iniected Subcut., 1l.ll.24. [vir. Cult. I, 3.12. 24.1 Result. 

9038 
9135 

9253 
9346 

9580 

9621 
8633 

5 c.c., batch 72, heated to 95° C. for t hour 1 c.c. intramusc. 
2 c.c. 5 c.c., 95.,.C. " ! " 

5 c.c., 
5 c.c., 

} Controls 

95° C, , 1 
95° c. " 1 " 

1 c.c. 
2 c.c. 

{ 

1 c.c. intramusc. 

0·7 c.c. " 
0·5 c.c. " 

Lived. 
Died (black­

quarter). 
Lived. 
Died (black­

quarter). 

: Died (nlack-
' quarter). . 

In this case the vaccine, after heating for half an hour at 95° C., 
did not protect a sheep against four minimum lethal doses, although 
sufficient immunity was present to protect against two minimum !ethal 
do11es. 
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The same remarks apply to vaccine submitted to heating at 9iP C. 
for one hour. · 

Sheep No.I 

8976 

8988 
8989 
9025 
9157 
9196 

ExPERIMENT No. 48. Decen~ber, 1924. 

Vaccine Inj. Subcut., 17.12.24. 

5 c.c., batch 73, heated to 95° C. for ! hour 

5 c.c., , , 95° c. , t , 
5 c.c., , , 95° c. , 1 , 
5 c.c., , , 95° c. , 1 , 
5 c.c., , , 95° c. , 2 , 
5 c.c., , , 95° c. , 2 , 

---

Vir. Cult. I, 
31.12.24. 

1 c.c. intramusc. 

2 c.c. , 
1 c.c. , 
2 c.c. , 
1 c.c. , 
2 c.c. , 

Result. 

Di~Jd (black· 
quarter). 

, 
, 
, 
, 

Lived. 
-

9433 I f ·.0·5 c.c. intramusc. Died (black-

J 'Controls quarter). 
9531 0·7 c.c. , , 
9579 ·- l l c.c. , , 

In this case the results show that aggressin heated at 95° C. for 
hal£ an hour or longer did not protect sheep against two minimum 

··lethal doses or· more of virus. 
Oue is forced to conclude therefore that heating aggressm to 

95° C. lor a I•triod of half an hour or longer is sufficient to destroy 
s~rne ,l£ its immunizing properties. Submitting the aggressm 1 o lower 
t<>rupcratures (90° C. and under) does not seem to interfere with its 
immunizing value. 

-··· ·-·- - ---- . ·-- . 

(b) Ex_p?sure of agg~e.ssi:p. to strong sunlight has also been tried, 
w1th the followmg results·:-

ExPERIMENT No. 49. December, 1924. 

Te.~t on Aggressin .Exposed to Strong Con-tinuous Sunl1ight for Seven 

·- - - and a Half Hour.~. 

SheepNo. [- Vaccine Inj., 4.17.24. 

9370 
9442 
9455 
9552 

, 5 c.c., batch 72, subcut. 
•
1 

5 c.c., .. . 
I 20 c.c., · , 
. 20 c.c., 

9403 ·· } 9479 
9569 

Controls 

Vir. Cult. I, 17.12.24. 

1 c.c. intramusc. 
2 c.c. 
1 c.c . 
2 c.c. 

0·5 c.c. intramusc. 
0·7 c.c. .,; 
1 c.c . 

Result. · 

Lived. 

Died (black-quarter). 
Lived. . 
Died (black-quarter). 

. The result~ . show clearly that the im:munizing . value of the 
aggressin was not inte;rfered with, all sheep su:r;vivip.g the immunity 
te.st carried out :With as. much as four minimum lethal doses of virus. 
j - . • ·r .. 
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ExPERIMENT No. 50. March, 1925. 

Test on Aggressin Exposed to Natural Climatic Conditions for Ten 
Days, during which 100 Hou1·s' Sunshine with a Ma.ximU7n 
Temperature of 105° to 117° F. was reg·istered. 

SheepNo.j Vaccine Inj ., 11.3.25. I Vir. Cult. I, 31.3 . 25. Result. 

10528 5 c.c. su bcut. 1 c.c. intramusc. Lived. 
10551 5 C.0. 

" 
1 c.c. 

" " 
11388 } Controls { 0·7 c.c. intramusc. Died (black-quarter). 
11400 1 c.c. 

" " " 

In spit-e of thio severe test, the immunizing properties of the 
vaccine seem to have been retained. The results of these two experi­
ments are very striking and provide proof of t he sound keeping pro­
perties posses:;ed by artificial aggressin. 

Duration of lmmunity.-In the case of natural aggressin it was 
shown that sheep still possessed well-marked immunity as long as 
eleven months after they had received an injecti•on of vaccine, and it 
now r-emains to see how this compares with immunity which follows 
on the injection of artificial aggressin. The following experime·nt 
will supply the required information on this point:-

Sheep No. I 

6756 
6961 
6993 

} 9598 
9174 
9522 

7023 
7063 
7092 

7433 } 7531 
7579 

7187 
7303 
7662 

8954 } 8958 

ExPERIMENT No. 51. March, i924. 

Vac., Batch 50, 
Inj. Subcut. 

5 c.c., 20.3.24 
5 c.c., 

" 5 c.c., 
" 

Controls 

5 c.c., 20.3. 24 
5 c·.c., 

" 5 c.c., 
" 

Controls 

5 c.c., 20.3.24 
5 c.c., 

" 5 c.c,, . " 

Controls 

I Vir. Cult. I, intramusc. I Result . 

I 1 c.c., 8.10.24 Died (black-quarter). 

I 
1·5 c.c., 

" Lived. 
2 c.c., 

" " 

{I 
I 

0·5 c.c., 8.10.14 I Lived. 
1 c.c., 

" Died (black-quarter). 
2 c.c., 

" " " 

I 
0·7 c.c., 31.12 . 24 I Lived. 1 c.c., 

" " 1·5 c.c., 
" Died (black-quarter). 

'I 0·5 c.c., 31.12.24 I Died (black-quarter). 
0·7 c.c., 

" I .. .. t 1 c.c., 
" " " 

I 
0 · 7 o.c., 10.3.25 I Lived. 1 c.c., 

" " 1 c.c., 
" " 

{I. 0·7 c.c., 10.3.25 I Died (black-quarter). 
1 c.c., 

" " " 

· . 'l\he results show . that close . on twelve months after the l'heep 
·reoeived th.e aggressin sufficient immunity was still present to JUoteet 
t hem against over one minimum l ethal dose of virus. 
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It is true that a few sheep died in the earlier experiment;., but 
t.his only goes to show that the protective value of the particular 
vaccine employed was not exceptionally high. At any rate, in the 
course of the experiments no appreciable decrease in the immunizing 
value of the aggressin could be demonstrated. It appears safe to 
conclude that immunity conferred by artificial aggressin is of rela­
tively long duration, at least twelve months. 

Black-quarter Filt'f'ates Imported or Prepared by other Methods. 

Apparently very few or no artificial aggressins are imported into 
this country: at any rate, none have been available to us :for testing. 

The only filtrates that come up for consideration under this 
heading are one which we prepared according to the recommendation 
of Berg, and two others, the preparation of which was carried out 
with modifications of his method. A comparative test was carried 
out with vaccine prepared according to our routine method (lot d), 
and with vaccines made according to Berg's formula (lot a), Berg's 
formula but with glucose sterilized separately (lot b), and our method, 
but with 12 per cent. glucose added at the beginning and no further 
adjustments made (lot c). 

The following are the results :-

ExPERIMENT No. 52. March, 1925. · 

Sheep No. Vac. Subcut:, 10.3.25. Vir. Cult. I, 24.3.25. Result. 

-

ll213 5 c.c. of lot a 1 c.c. intramusc. Lived. 
ll248 5 c.c. 

" 
1 c.c. 

" 
Died (black-quarter). 

ll309 5 c.e. of Jot b 1 c.c. intramuse. Lived. 
11325 5 c.c. " 1 c.c. 

" " 

11450 5 c.c. of lot c 1 c.c. intramuse. Died (black-quarter). 
11346 5 c.c. 

" 1 c.c. 
" Lived. 

11389 5 c.c. of control lot d 1 c.c. intramusc. Lived. 
11443 5 c.c. " 1 c.c. 

" " 

ll027 l Controls { 0 · 7 e. c. intramusc. Lived. 
Hl39 f l e.c. , Died (black-quarter). 

These show that vaccine prepared according to Berg's method 
gives only a doubtful immunity if the sugar is not sterilized sepa­
rately. They further demonstrate that even such a large amount (If 



549 

sugar as 12 per cent. added a.t once without readjustment during 
growth of the cultures does not give as good results as 3 or 4 per cent. 
glucose added at the rate of 1 per cent. at different periods. 

Su?p/nwry and Conclus£ons. 

By the improved method · described in this paper, an artificial 
aggressin can be obtained answering to all requirements of a good 
vaccine, namely:-

(a) Complete safety in 11se; the aggressin is absolutely harmless 
and non-toxic. 

(b) High immunizing value; all routine batches have protected 
animals with certainty against at least one minimum lethal dose of 
virus; the majority of batches gave a much stronger immunit.v (5-10 
minimum lethal doses), while in a few cases the immunizing value was 
sufficiently high to protect against thirty minimum lethal doses. 

(c) A lasting immunity which has been found to protect sheep 
for at least twelve months is set up; further tests may prove this 
immunity to last even longer. 

(d) E xcellent keeping properties; vaccine stored in a compara­
tivelv dark, cool place will retain its immunizing properties f·or at 
least a ye<:n; when submitted to heat at boiling point (95° C.) for 
half an hour or longer, some of th e immunizing properties disappear, 
but it still has some protective value; exposure to strong sunlight 
for seven and a half hours or to ordinary atmospheric conditions for 
ten days, rluring which there was 100 hour~' sunshine, did not reduce 
the protective value in any way. 

(e) Simplicity and cheapness of proJuction; in the possession of 
t hese qualities, which need not be elaborated, artificial aggressin has 
an enormous advantage over natural aggressin; not only that, but 
there is a complete absence of the cruel suffering which has neces. 
sarily to be inflicted on animals in the course of the preparation of 
natural aggressin. 

(3) TnE NATuRE OF IMMUKITY CoKFJmRED B) AGGRESSINS. 

As we have seen earlier in this report, aggressins are aggressive 
substances which assist certain bacteria to overcome the natural 
defences of the body. They are abundantly present in the oedematous 
fluid and muscle juice of animals that have died of black-quarter and 
can be produced artificially by growing the organisms in suitable 
culture media. There is no reason to believe that the aggn~ssins pro­
duced in these two different ways (natural and artificial) differ in 
any essential character; at any rate, in the course of our experiments, 
we have not been able to detect any well-marked differences. We are of 
the opinion that in the case of black-quarter the so-called natural and 
artificial aggressins are the same substance produced· under different. 
conditiDns and of course contained in different media, in the one case 
a liquid rich in albuminous substances (blood, serum) and the other 
a clear liquid (meat or liver extract) of much smaller density. Any 
minor differences, such as, for instance, in the keeping properties, ,-:an 
be attributed to the differences in the medium in which the aggress~us 
are contained. In this connexion it may be mentioned that Graub in 
1924 (25) also expressed the, opinion that natural and artificial aggres­
sins develop the same protective action. Aggressins are a product 
of the l iving and multiplying bacteria, and in artificial cultures it 



550 

has been shown that quantitatively and qualitatively they are in 
direct proportion to the intensity of the growth obtained. Moreover, 
it can be shown that their production does not go on after active 
multiplication of the organisms has stopped. This point is illustrated 
in the following experiment with filtrates prepared from the same 
culture at different intervals after all growth had stopped: -

ExPERIMENT No. 53. September, 1923. 

Sheep No. ,Va.ccine I nj. Subcut., 10. 9.23., Vir. Cult. I, 25.9.23. 1 Result. 

----
7850 5 c.c., lot 1, filtered, 8 . 8 . 23 0·5 c.c. intramusc. I Lived. 
7322 5 c.c., 

" " " 
0·5 c.c. " " 6943 5 c.c., 

" " " 
0·5 o.c. 

" 
, Died (bla.ck-qua.rter). 

7789 5 c.c., lot 2, filtered, 15 .8. 23 0 · 5 c.c. in tram usc. I Died (black-quarter). 
7366 5 c.c., 

" " " 
0·5 c.c. 

" 
Lived. 

7031 5 e.c., 
" " " 

0·5 c.c. 
" " 

7669 5 c.c., lot 3, filtered, 22.8.23 0 · 5 c. c. in tram usc. I Lived. 
7744 5 c.c., 

" " " 
0·5 c.c. 

" 
Died (black-quarter). 

7364 5 c.c., 
" " " 0·5 c.c. 

" " " -
7353 fi c.c., lot 4, filtered, 29. 8. 23 0·5 c.c. intramusc. ' Lived. 
6944 5 c.c., 

" " " 
0·5 c.c. 

" " 7043 5 c.c., 
" " " 

0·5 c.c. 
" " 

6920 } Controls { 0 · 5 c.c. intramusc. Died (black-quarter). 
6922 0·5 c.c. 

" 
Lived. 

It should be noted that lot 1 vaccine was prepared on the day 
after all growth had stopped, while the others were obtained at weekly 
intervals. The results obtained from the first lot showed that the 
vaccine was not particularly effective, affording hardly sufficient pro­
tection against one doubtful minimum lethal dose of virus. 

-:No better results were obtained with the following two lots of 
vaccine, showing there was no increased production of immunizing 
substances during a fortnight's incubation after the initial growth 
had stopped. With the last lot of vaccine all three sheep were pro­
t ected, but this may be considered a mere coincidence; as already 
indicated 0.5 c.c. of virus was a doubtful lethal dose, so that the 
survival of three sheep in the last test compared with two in the 
first <.:an easily be understood. 

Reg,::trding the immuni ty produced by aggressins, we are of 
opinion that their injection into animals calls forth the manufacture 
by the body tissues of specific anti-bodies, which may be called anti­
aggressins, and that one is, therefore, justified in speaking of an anti­
aggressin immunity in contradistinction to .anti-t oxic or anti-bacterial 
immunity_ 

The differences between aggressins and toxins have already been 
mentioned earlier in this report, but they may again be referred to 
briefly as follows :-

Aggressins differ from toxins mainly in the following respects :­
(a) They are non-toxic, and even when relatively large quantities 

are inj ected into animals n·o toxic reaction or any visible systemic 
disturbance is set up. 

-- - -- --------
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(b) They are remarkably stable substances, being influenced very 
littl e by outside influences, such as extremes of temperature, strong 
sunlight, etc. For instance, they resist heating in a water-bath at 
95° C. for hal£ an hour and exposure to direct sunlight for 100 hours. 
Most toxins are extremely sensitive to strong light and many are 
destroyed at temperatures between 60° and 80° C. In fact Grassberger 
and Schattenfroh (21) assert that the black-quarter toxin isolated by 
them was destroyed by heating at 50° C. for one hour. When stored 
in a relativ.ely cool place they retain their immunizing properties for 
long periods; in the case of ar t ificial aggressins for at least a year and 
natural aggressins over two years. 

(c) When injected into animals they produce a solid lasting 
immunity which has so fur been demonstrated to be at least a year. 
In the case of toxins the immunity set up is usually of short duration, 
the anti-toxins being eliminated from the body fairly rapidly. 

Concerning anti-bacterial immunity, very little need be sa1d, 
excepting that so far as our aggressins are concerned, we are satisfied 
they have been absolutely germ-free, so that any immunity that may 
have been derived from bacterial action does not call for any 
consideration. 

IV.-vARIATION IN BLACI\:- QUARTER STRAINS AS REGARDS PATHOGENIC 

PRoPERTIES AND IMMUNI ZING PowER. 

Since this question is of such great importance when the selection 
of black-quarter strains for vaccine preparation ·comes up for con­
sideration, it merits separate and spec.ial discussion. The existence of 
black-quarter strains in different localities varying in their virulence 
has been suspected for a long time, and, as a matter of fact, it was 
made use of for explaining away unsatisfactory results obtained from 
the use of the older vaccines. In South Africa, attempts were made 
to overcome this difficulty by mixing a large number of strains 
<>btained from different localities ior the preparation of the powder 
vaccine. In some cases as many as nineteen su ch strains were mix0d, 
but the resulting polyvalent vaccine gave no better r esults than had 
been obtained previously with a vaccine prepared from only mll! 
strain. 

At :{irst complete bacteriological investigations were not made to 
arrive at a correct classificat ion of these strains, nor was their relat.iv~ 
virulence determined by animal experimentation. When this was 
clone at a later stage, it was foun d th::tt a few strains isolated from 
cases of suspected black-quarter actu ally fell in the Vibrion septique 
group, and that an efficient vaccine (aggressin) prepared from only 
one strain of true black- quarter would protect against all ·other 
.str ains of true black-quarter. In connexion with these points a few 
references to r ecent literature may be inserted. 

(a) Concerning the immunizing value of one black-quarter strain 
against another, the following references are of considerable 
interest:-

In 1921 U chimura (69) published the r esults of experiment,; 
carried out in guine·a-pigs with black-quarter filtrate p-repared from 
strain P; he found that this vaccine protected guinea-pigs against 
eleven other strains of true black-quarter, but that no immunity was 
produced against five other anaerobes (V. septique, B . oedematiens, 
and putrificus type). 
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In 1922 Zschokke (80) drew the conclusion that the immunity 
produced by black-quarter aggressin was specific for black-quarter, 
and that no protection was afforded against infection with organisms 
related to black-quarter, such as v~:brion .~eptique. On the other hand, 
Graub, in 1924 (25), suspected that variation in virulence of local 
strains might be responsible for breakdowns in immunity that had 
been observed in some cases. He prepared special vaccine11 for use in 
those parts where losses in vaccinated animals had occurre·d , and 
apparently after that more reliable results were obtained. Against 
this, however, he mentioned the comparatively heavv losses ex­
perienced in Berne during 1923. 

Lourence and Te Hennepe, in 1924 ( 44), prepared their mixed 
vaccine (previously referred to) from no fewer than twenty-five 
different black-quarter strains. 

(b) As regards the different strains of black-quarter and the allied 
group of anaerobes, a great deal has been written recently; in this 
connexion a few of the more important publications may be referred 
to brie:fly :-

It has been accepted generally that B. chauvaei represents the 
standard type of black-quarter and that JJ. sa'f':;ophysematos bovis 
(Foth) is identical with it. Zeissler and Miessner have always held 
that these two represent the only true black-quarter organism. In 
1922, Miessner ( 49) proposed the name of para-rausohbrand (para­
black-quarter) for diseased conditions closely resembling black-quarter, 
but set up by allied anaerobes which can be distinguished bacteriolo­
gically from the true black-quarter organism. Among the group of 
para-rauschbrand organisms, Miessner (bO) included the bacillus of 
malignant oedema (Koch), Vibrion septique (Pasteur), Kitt's hhck­
quarter bacillus, Ghon-Sach's bacillus, and the hacinus of Brads~>t 
(Jensen). 

Sobernheim :mel Zurmaniki, in 1924 (63), took exception to the 
newly prop<>sed name of para-rauschbrand. preferring the old term 
malignant oedema; they :trgued that old established names could net 
be changed. for new ones in such an arbitrary manner. 

Up to 1924, Kitt (38) protested against the strain of black-quarter 
organisms described by him being classified under para-rauschbrand, 
his contention being that in spite of it forming short chaim and of 
the atypical growth on glucose-blood-agar, it still resembled black­
quarter in its non-pathogenicity for rabbits and in that immunity 
would be set up by it against the true black-quarter bacillus (Foth). 

Pfeiler and Goerttler (53, 94) supported Kitt, and in confirmation 
of their contention mentioned that in cross-immunity tests in guinea­
pigs they were able to pl'::>tect with vaccine made from Kitt's bacillus 
against virus o£ Foth's strain, and vice versa. 

Even in 1923 Goerttler (20) still maintained that type 1a (Foth) 
and 1b (Kitt) could 1:>8 shown to afford protection one against t he 
other. 

Finally, in 1924, Kitt (39) himself proposed to abolish the term 
black-quarter bacillus (Kitt) and agreed to accept that in black­
quarter and allied diseases only three distinct organisms come up for 
comideration, namely, B. chavvaei (Foth'R black-quarter bacillus), 
bacillus of malignant oedema, and Frankel's bacillus. 

In 1923, Katzumi Kojima (40) described a new toxin producing 
organisms belonging to the black-quarter group ; it is said to form 
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chains in old cultures, but not filaments, and to be more toxic than 
the ordinary black-quarter bacillus. Heller, H. H. (1920) (30), used 
the expression "Black-quarter group," and so allowing for further 
differentiation of the organisms falling under this group. Leclainche, 
Vallee, Glover, and Vincemin (1924) (43) employed the term 
" Charbon para-symptomatique " for certain organisms bearing some 
resemblance to VibTion septique and having particular characteristics 
typical for the classical black-quarter organism. They admit that 
such organisms are rare, and so far found only in Normandy and 
Persche. They suggest that these may be either transition forms or 
an association of the two organisms. Many of these so-called transi­
tion forms do not produce cross-immunity amongst themselves, but 
individual strains can be used to immunize against themselves. They 
recommend the use of a polyvalent vaccine against black-quarter and 
allied types; such a vaccine can easily be prepared according to the 
method described by them in 1913. 

OuT Own Ea.,peTiments.-It has so far not been possible to under­
take a detailed study of the various black-quarter strains that have 
come under observation, but this side of the black-quarter problem 
will receive our serious attention in the near future. 'l'he information 
which we are able to give has been obtained from preliminary tests 
that have been carried out with different strains in regard to their 
suitability as vaccine producers. 

The first step was to prepare a vaccine (artificial aggressin) from 
strain 1. which has been used for this purpose for a number of years, 
and to test its immunizing value against a number of other strains. 
The latter had been obtained from different parts of South Africa, 
excepting ::'ITo. 6. which was isolated from a Yaccine imported from 
France. The results of these tests are given in the following 
experiments.-

Sheep 
No. 

8847 
8820 
8639 

9255 
9297 
9302 

9640 
8646 
8649 

9358 
9375 

8660 
8664 
S6'H 

9367 
9393 

} 

} 

} 

ExPERIMENT No. 54. December, 1924. 

Vaccine Inj. Subcut .• 
22.12.24. 

5 c.c., strain 1 
5 c·.c., 

" 5 c.c., 
" 

Controls 

5 c.c., strain 1 
5 c.c., 

" 5 c-.c., " 

Controls 

5 c.c., strain 1 
5 c.c., " 5c.c., 

" 

Controls 

{ 

' 

{ 

{ 

Vir. Cult. Intramusc., 
7.1.25. 

0·4 c.c., strain 1 
0·6 c.c., 

" 0·8 c.c., 
" 

0 · 4 c.c., strain 1 
0·6 c.c., 

" 0·8 c.c., 
" 

0 · 3 c.c., strain 3 
0·5 c.c., 

" 0·7 e.c., 
" 

0 · 3 c.c., strain 3 
0·5 c.c., 

" 
0 · 4 c.e., strain 6 
0·7 c.c., " l c.c., 

" 
0·4 c.c., strain 6 
0·7 c.c., 

" 
. -

Result. 

Lived. 

" 
" 

Died (black-quarter). 

" " 
" " 

Lived. 

" Died (black-quarter). 

Lived. 
Died (black-quarter). 

Lived. 

" 
" 

Lived. 
Died (black-quarter). 
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Sheep I Vaccine Inj. Subcut., 

I 
Vir. Cult. Intramusc., Remarks. Nq. 22.12.24. 7.1.25. 

8695 
l 

5 c.c., strain 1 0 · 8 c.c., strain I8 Lived. . 
8717 5 c.c., 

" 
I c.c., 

" " 8767 5 c.c., 
" I ··5 c.c., 

" " 
9397 } Controls { 0 · 8 c.c., strain I8 Lived. 
94I7 I c.c., " " 
88ll 5 c.c., strain 1 0 · 4 c.c., strain 21 Lived. 
8818 5 c.c., 

" 0·7 c.c., 
" " 8820 5 c.c., 

" I c.c., 
" 

Died (black-quarter). 

94I9 } Controls { 0 · 4 c.c., strain 2I Died (black-quarter). 
9427 0·7 c.c., 

" " " 
8843 5 c.c., strain I 0 · 7 c.c., strain I2 Lived. 
8849 5 c.c., 

" 1 c.c., 
" " 885I 5 c.c., 

" I·5 c.c., 
" " 

9449 } Controls { 0 · 7 c.c., strain I2 Died (black-quarter). 
9462 1 c.c., 

" 
Lived. 

8856 5 c.c., strain 1 0 · 5 c.c., strain 30 Lived. 
8905 5 c.c., 

" 
0-7 c.c., 

" 
Died (black-quarter). 

8994 5 c.c., 
" 

I .c.c., 
" " " 

9449 } Controls { 0·2 c.c., strain i>O Died (black-quarter). 
9462 0·5 c.c., 

" " " 

With the exception o£ strains 18 and 30, the results were con­
clusive, showing that vaccine prepared from one strain was effective 
in protecting against at least one minimum lethal dose of other strains. 

The results obtained with strain 18 were unsatisfactory in that 
the control animals did not die from the virus, whereas. with strain 30 
two out of thre-e animals died. It will be seen later on, however, that 
the dose of virus employed wa:s far too large,' the minimum lethal dose 
of strain 30 lying between 0.01 and 0.02 c.c. A further test with 
these two strains was carried out, the-· r~sults- being as follows:-'-

ExPERIMEN'l No. 55. December, 1924. 

Sheep Vaccine, Strain 1, 

I 
Vir. .Cult Intramusc•., 

I 
. ·· Result . No. , Subcut., 22.I2.24. I3.1.25. 

9010 5 c.c., strain I I· 5 e.c., strain 18 Lived. • ·· 

9078 9 c.c., 
" 

2 c.c., , . 
" 9235 .5 c.c., 

" 
2·5 c.c., 

" " 
9521 } Controls f I·5 c.c., strain I8 Lived. -
9526 {. 2 c.c., 

" " 
9276 

I 

5 c.c., strain -1 0, 2 c.c., -strain 30 Died (black-quarter). · 
9294 5 c.c., 

" 
0·3 c.c., 

" " " 9334 5 c.c., 
" 

0·5 c.c., 
" " " 

. ... 9528 /} Controls { 0 · 1 c.c.·, -str-ain-30 - · Died-(black-quarter). · 
9553- 0·2 c.c., 

" " " ' 
'l'hese were-na-more satisfactory, the reasons -bein-;go the ·--same as. 

given before. 
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The next step was to prepar!l small batches of vaccines from the 
different strains and to test these against No. 1 strain. In order to 
find out minor differences in the immunizing . value of the different 
strains,. rather weak vacci:q.es were employed; the. c~ltures were only 
grown for about twelve days, and during this time no fresh glucose 
was added. A larger nuinber of strains was employed, the tests being 
carried out under three experiments on different: dates-as follows:-

.- ExrERIMENi: No. 56. February, 1924. 
~-

.. 

Sheep Vaccine Subcut .. , Vir. Cult. Intramusc., Result. 
-No. 13.3.24. 26.2.24. 

6868 5 c.c., strain 1 0 · 7 c.c., strain 1 Lived. 
7.545 5 c.c., " 

0·7 c.c., 
" " 5896 20 c.c., " 

0·7 c.c., " " 6214 20 c.c., 
" 

0·7 c.c., 
" " 

5853 5 c.c., strain 18 0 · 7 c.c., strain 1 Lived. 
7467 5 c.c., 

" 
0·7 c.c., 

" " 6235 20 c.c., 
" 

0·7 c.c., 
" " 7847 20 c.c., 

" 
0·7 c.c., 

" " 

7428 5 c.c., strain 19 0 · 7 c.c., strain 1 Lived. 
7478 5 c.c., 

" 
0·7 c.c., " 

Died (black-quarter). 
6186 20 c.c., 

" 
0·7 c.c., " 

Lived. 
6927 20 c.c., 

" 
0·7 c,c., 

" " 

7438 5 c.c., strain 21 0 · 7 c.c., strain 1 Lived. 
7527 5 c.c., " 0·7 c.c., 

" 
Died (black-quarter). 

5866 20 c.c., 
" 

0·7 c.c., 
" 

Lived. 
7498 20 c.c., 

" 
0·7 c.c., 

" 
Died (black-quarter). 

6534 ~ 5 c.c., strain 22 0 · 7 c.c., strain 1 Lived. 
7837 5 c.c., 

" 
0·7 c.c., 

" Di~d (black-quarter). 5859 20 c.c., 
" 

0·7 c.c., 
" 6881 20 c.c., " 0·7 c.c., 
" .Lived. 

7285 } { 1 c.c., strain 1 Died (black-quarter). 
6783 Controls 0·7 c.c., 

" Li~ed. " 7263 0·5 c.c., 
" 

The results ~ were that in all cases some protection was afforded 
against one minimum lethal dose o£ strain 1, while with strains 1 and 
18 no animals succumbed to the injection o£ virulent material. 



Sheep 
No. 

7058 
7288 
7297 
7718 

7659 
7675 
6540 
7421 

6252 
6716 
5855 
6473 

6774 
7709 
6749 
7661 

6303 
6217 
6904 
6222 

6547 
6262 } 
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ExPERIMENT No. 57. March, 1924. 

Vaccine Subcnt., 
10. 3.24. 

5 c.c., strain 6 
5 c.c., 

" 20 c.c., 
" 20 c.c., 
" 

5 c.c., strain 7 
5 c.c., " 20 c.c., 

" 20 c.c., " 
5 c.c., strain 8 
5 c.c., 

" 20 c.c., 
" 20 c.c., 
" 

5 c.c., strain 13 
5 c.c., 

" 20 c.c., 
" 20 c.c., 
" 

5 c.c., strain 14 
5 c.c., 

" 20 c.c., 
" 20 c.c., 
" 

Controls { 

Vir. Cult. Intramusc., 
24.3.24. 

0 · 7 c.c., strain 1 
0·7 c.c., 

" 0·7 c.c., 
" 0·7 c.c., 
" 

0 · 7 c.c., strain 1 
0 · 7 c.c., 

" 0·7 c.c., 
" 0·7 c.c., " 

0 · 7 c.c., strain l 
0·7 c.c., 

" 0·7 c.c., 
" 0·7 c.c., 
" 

0 · 7 c.c., strain 1 
0·7 c.c., 

" 0·7 c.c., 
" 0·7 c.c., " 

0 · 7 c.c., strain 1 
0·7 c.c., 

" 0·7 c.c., 
" 0·7 c.c., 
" 

0 · 5 c.c., strain 1 
0·7 c.c., 

" 

Result. 

I 

I Lived. 

I 
Di~d (black-quarter). 
Lived. 

I 

Died (black-quarter). 

" " Lived. 

I Died (black-quarter). 

I Died (black-quarter ). 
I 

" " Lived. 

" 
Died (black-quarter). 

Li~ed. 
Died (black-quarter). 

Lived. 

" Died (black-quarter). 
Lived. 

Died (black-quarter). 
Lived. 

vVith these strains again some protection was afforded in all cases . 
Strain 13 appeared to he the weakest, only one out of £our vaccinated 
sheep surviving the immunity test. 

ExPERIMENT No. 58. May, 1924. 

Sheep Vaccine Subcut., 

I 
Vir. Cult. Intramusc., 

I 
Result. No. 23.5.24. 14.6.24. 

6306 I 5 c.c., strain 3 0 · 7 c.c., strain 1 Lived. 
6869 

I 

5 c.c., 
" 0·7 c.c., 

" " 6976 20 c.c., 
" 0·7 c.c., 

" " 7022 20 c.c., 
" 0·7 c.c., 

" " 
7084 5 c.c., strain 26 0 · 7 c. c., strain 1 Lived. 
7024 5 c.c., 

" 0·7 c.c., 
" Died (black-quarter). 

7518 20 c.c., 
" 0·7 c.c., 

" 
Lived. 

7797 20 c.c., 
" 0·7 c.c., 

" " 
8589 } { 0 · 5 c.c., strain 1 Died (black-quarter). 
7154 Controls 0·7 c.c., 

" " " 7091 0·7 c.c., 
" 

Lived. 

In this case both strains afforded almost complete ' protection 
against virus of strain 1. Strain 3 appears to have good immunizing 
Pl'Operties. 
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In order to test out further the protective value of strain 3. three 
lots of stronger vaccine were prepared. lot 1 being grown for eleven 
days, lot 2 for twenty-three days, and lot 3 for twenty-eight days; 
afljustm~nt of the medium as regards reaction and sugar-content was 
of course made during growth of the cultures. The results of the 
immunity tests are given in the following experiment: -

ExPERIMENT No. 59. July, 1924-Janna1'y, 1925. 

Sheep. 
No. Vaccine Subcut. Vir. Cult. Intramusc. Result. 

~ 

2.7 .24. l5.7.24. 

6795 5 c.c., lot I I c.c., strain 1 Lived. 
8346 5 c.c., " 0·5 c.c., 

" 
3 

" 7340 20 c.c., 
" 

I c.c., 
" 

I 
" 9529 20 c.c., 

" 
0·5 c.c., 

" 3 " 

7462 } { 0·5 c.c., strain 3 Died (black-quarter). 
7683 Controls 0·7 c.c., 

" 
I 

" " 7388 0·7 c.c., 
" " " 

7.10.24. 21.10.24. 

9329 5 c.c., lot 2 I c.c., strain I Lived. 
94I3 5 c.c., 

" 2 c.c., 
" " 9468 5 c.c., 

" I c.c., 
" " 9529 5 c.c., 

" 2 c.c., 
" " 9549 5 c.c., 

" I c.c., 
" " 9555 5 c.c., 

" 2 c.c., 
" " 

8938 } Controls { I c.c., strain I Died (black-quarter). 
9I37 I·5 c.c., 

" " " 

I3. 1.25. 26.1.25. 

9475 5 c.c., lot 3 (batch 78) 0 · 8 c.c., strain I Lived. 
9494 5 c.c., 

" " I c.c., 
" " 950I 20 c.c., 

" " 2 c.c., 
" " 9504 20 c.c., 

" " 3 c.c., 
" " 

9632 } Controls { 0 · 6 c.c., strain I Lived. 
9629 0·8 c.c., 

" 
Died (black-quarter). 

The results are convincing, a stmng immunity , amounting to 
protection against n early four minimlJ.m lethal do;-:;es, being obtaine:l 
in some instances. 
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Another test was carried out with a strain (33) isolated from a 
vaccine imported from America. The immunity produced by a filtrate 
prepared from this strain is given in the following experiment:--

ExPERIMENT No. 60. October, 1924. 

Sheep 

1-

Vaccine Subcut., 

I 
Vir. Cult. Intramusc., Result. 

No. 9.10.24. 29.10.24. 

9586 5 c.c., strain 33 1 c.c., strain 1 Lived. 
9611 5 c.c., 

" 
2 c.c., 

" 
Died (black-quarter) . 

9052 . .20 c.c., 
" 

1 c.c., 
" 

Lived. 
9160 20 c.c., 

" 
2 c.c., 

" " 
9391 } { 0 · 5 c.c., strain 1 Lived. 
9452 Controls 1 c.c., 

" 
Died (black-quarter). 

9499 1 ·5 c.c., 
" " " 

'f'he results show clearly that quite a good protection is afforded 
against ·one of our local strains. 

In Experiment No. 56, carried out in February, 1924, it was seen 
thal 'vaccine prepared from strain 18 gave a strong immunity against 
virus of strain 1. This vaccine was made when the strain was still 
virulent for guine·a-pigs, but since then. for some unknown reason. it 

-would seem to have lost its virulence. To test its immunizing value a 
further batch of vaccine was prepared , the immunity now produced 
being shown in the following experiment:-

ExPERIMENT No. 61. Jfarch, 1925. 

Sheep Vaccine Subcut, Vir. Cult. Intramusc., Result. No. 10.3.25. 24.3. 25. 

11445 5 c.c., strain 18 1 c.c., strain 1 Lived. 
11458 5 c.c., 1 c.c., Died (black-quart~r) . 
11579 20 c.c., I c.c., 

" 10661 20 c.c., 1 c.c., Lived. 

11027 } Controls f 0 · 7 c.c., strain 1 Lived. 
11139 l 1 c.c., Died (black-quarter). 

These results were rather surprising, showing that . a strain which 
had partly lost its virulence no l·onger possessed the same immunizing 
value. Apparently in this case a decreased production of aggressin 
had_taken place, and, _with the decrease in aggressive s1.1b~tances o;ne 
would expect the organisms to become less virulent. 

Strain 30, referred to previously, proved to be of such extreme 
interest, particularly in view of its exceptional virulence, that it had 
to be submitted to a number of fUl'ther tests. 

Its minimum lethal dose was founrl to be 0.01 c.c.; anrl this is 
about thirty times greater than that observed in any other of our 
black-quarter strains. The strain was isolated from a heifer which 
had died about eight months after vaccination. Its morphological 
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and cultural characters are identical with those of typical black­
quarter, while by animal tests it was shown to differ from Vibrion 
septique in that it failed to kill rabbits, even when such large doses of 
virus as 5 c.c. were used. 

(a) ExPERIMENT No. 62. February, 1925. 

'l'wo lots of vaccine flot (a), grown for twenty-seven days, and 
J.ot (b), grown for thirty-four d aysl were prepared from strain 30, and 
the immunizing value was tested against strains 1 and 3. 

Sheep No., Vacc:e, S~rain 30, Subcut. j Vir. Cult. In tram usc. Result. 

10570 5 c.c., lot 1, 10. 2·. 25 1 c.c' strain 1, 24.2.25 Lived. 
10705 5 c.c., 

" " 
1·5 c.c., 

" " 
Died (black-quarter). 

10724 20 c.c., 
" " 1 c.c., 

" " 
Lived. 

10731 20 c.c, 
" " 

1 ·5 c.c., 
" " " 

10962 } Controls { 0 · 7 c.c., strain 1, 24.2. 25 Died (black-quarte"). 
10988 1 c.c., 

" " 
L',ved. 

8869 5 c.c., lot 2, 18.2.25 0·7 c.c., strain 3, 3.3.25 Lived. 
8993 5 c.c., 

" " 
1 c.c., 

" 
1, 

" 
Diecl (black-quarter) . 

IH24 20 c.c., 
" " 

0·7 c.c., 
" 

3, 
" " " 9126 20 c.c., 

" " 
1 c.c., 

" 
1, 

" 
Lived. 

-
10821 } { 0·3 c.c., strain 3, 3.3. 25 Died (black-quarter). 
10933 Controls 0·5 c.c., 

" 
3, 

" " " 11013 0·7 c.c., 
" 

1, 
" 

Lived. 
11378 1 c.c., 

" 
1, 

" 
Died (black-quarter) . . 

':Phe results show that a considerable degree of immunity was 
present, but not sufficient to protect with certainty against anything 
over one minimum lethal dose of strains 1 and 3. 

(b) In this case vaccines were prepare::l from strains 1 and 3, and 
used for immunizing- against strain. 30. 

. Sheep 
No. 

I 

11268 
11280 

: 11308 
11422 

.10601 
. ' 10802 

ExPERIMENT No. 63. jvfarch, 1925 . 

Vaccine Pubcut, 
2.3.25. 

5 c.c., strain 1 (batch 81) 
5 c.c., 1 
5 c.c., str~in 3 (batch 78j 
5 c.c., 

" 3 " 

Controls {j 

Vir. Cult. Intramusc., 
17.3.25. 

0 · 02 c.c., strain 30 
0. 03 c.c., 

" 0·02 c.c., 
" 0·03 c.c., 
" 

· · 0 · 02 c.c. strain 30 
0·03 c.e., 

' Result. 

Died (black-quarter). 
Lived. 
Died (black-quarter). 

" " 

I 
Died (black-quarter). 

" " 

. The r esults show that the immumty was not sufficient to protect 
against the quantities of virus employed, namely, two and threa 
rp.inimum lethal doses of strain 30. 
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(c) ExP ERIMENT No. 64. March, 1925. 

Cross-immunity Tests between Strains 1 and 30. 

Sheep 

I 
Vaccine Subcut., Vir. Cult. Intramusc., Result. 

No. 31. 3 . 25. 15.4.25. 

--

10228 5 c.c. strain 1 0 · 02 c.c., strain 30 Lived. 
10237 5 c.c., 

" 
0·02 c.c., 

" Di~d (black-quarter). 10240 5 c.c., 
" 

0·02 c.c., " 10247 5 c.c., 
" 

1 c.c., strain 1 Lived. 
10569 5 c.c., 

" 
1 c.c., 

" " 10695 5 c.c., 
" 

1 c.c., 
" " 

10789 5 c.c., strain 30 1 c.c., strain 1 Died (black-quarter). 
10927 5 c.c., 

" 
1 c.c., " 

Lived. 
11049 5 c.c., 

" 
1 c.c., " " 11071 5 c.c., 

" 
0·02 c.c., strain 30 

" 11190 5 c.c., 
" 

0·02 c.c., " 
Died (black-quarter). 

11286 5 c.c., 
" 0·02 c.c., " 

Lived. 

10253 } { 0 · 01 c.c., strain 30 Died (black-quarter). 
10255 Controls 0·02 c.c., 

" 30 
Li;ed. " 10231 0·7 c.c., 

" 
1 

10233 1 c.c., 
" 

1 Died (black-quarter) 

Here, again, the dose o£ virus used for strain 30 was rather high, 
but the results show that the protectio:m against each other afforded 
by the two strains is ve•ry much the same, in each case two out of the 
three sheep surviving. 

(d) ExPERIMENT No. 65. itfay, 1925. 

Cross-immunity Test between Strain 30 a.nd Vibrion septique 
Strain 27. 

Sheep 

I 
Vaccine Subcut, Vir. Cult. Intramusc., 

I 
Result. No. 5.5.25. 19 .5.25. 

. 

10654 5 c.c., strain 30 0 · 02 c. c., strain 30 Lived. 
10667 5 c.c., 

" 0 · 02 c.c., " 
Died (black-quarter). 

10793 5 c.c., 
" 

0·2 c.c., strain 27 
" 

( Vibrion aeptique.) 
10971 5 c.c., 

" 
0·2 c.c., 

" " " 
10977 5 c.c., strain 27 0·02 c.c., strain 30 Died (black-quarter). 
11056 5 c.c., 

" I 0·02 c.c., 
" 

Lived. 
11063 5 c.c., 

" I 
0·2 c.c., strain 27 

" 11153 5 c.c., 
" 

0·2 c.c., 
" 

Died (Vibrion septique). 

11356 

} { 
0·02 c.c., strain 30 Lived. 

11451 Controls 0·02 c.c., 
" 

Died (black-quarter). 
11278 0·2 c.c., strain 27 

" 
(Vibrion septique). 

11290 0·2 c.c., 
" " " 

The results obtained were neither satisfactory nor conclusive, 
because in t he first place neither vaccine afforded protection against 
its own strain, and secondly the minimum lethal dot-e of strain 30 din 
not kill both rontrol animals. The one animal which survived the 
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immunity test against strain 30 m ::ty have done so for this reason, and 
not because it received any protection from the vaccine. It seems 
clear, however, that vaccine prepared from strain 30 did n ot afford 
any protection against strain 27. 

Summary arul Conclusions. 

The r esults of these experiments supply definite information in 
some directions. 

(1) There exists great variation l.!1 the virulence of black-quarter 
strains obtained from different localities. 

· (2) All true' black-quarter strains fall in tbe same group as far as 
their immunizing properties are concerned ; vaccine prepared from 
one strain will affor:l protection ag::tinst all others. 

(3) The immunizing value of the different strains appears to vary 
considorably, so that not e·very black-quarter st rain can be considerefl 
suitable for vaccine production. 

( 4) Avirule•nt strains such as No. 18 do not seem to have gn~at 
immunizing value, their avirulent character being due probably to 
the absence of sufficient aggressin. 

(5) One exceptionally virulent strain (No . 30) h as come under 
observation . According to all the tests that have been applied. it 
appears to fall in the black-quarter group, but th e· indications are 
that it does not possess a great immuniz{ng value, neither against 
itself nor a~ainst other black-quarter strains. 

(6) Unsatisfactory results obtained from vaccination cannot be 
attributed to the presence of different black-quarter stra ins. I£ a 
good vaccine is prepared from a suitable immunizing strain, i t will 
protect against all other black-quarter strains . 

(7) Black-quarter ag·gressin will not protect again st infection b:v 
allied organisms such as V1:brion septique. 

V.-VACCINATION AGAINST MALIGNANT OEDEMA (Vibrion septique). 

At one time the occurrence of maligna nt oedema in cattle was 
believed to be a complica ting factor in the protective inoculatio11 
against black-quarter. Unsatisfactory results obtained from vaccina­
tion against the latter disease were thought to be attributable partly 
to the occurrence of malignant oedema in t he vaceinated animals. 
Our more recent experience seems to point away from m alignant 
oedema as a complicating factor of any great significance, because, ever 
since a more reliable black-quarter vaccine has been u sed in the £eld , 
complaints in c•onnexion with losses from black-quarter or allied 
conditions are very few [lnd far between. On the ot her h and. we 
recognize the possibility of it occurring on a sufHciently big scale to 
warrant protectiv<J inoculation being· carried out. Chiefly for th is 
reason some experiments in connex ion with th e nreparation of an 
efficient vaccine have ceen undertaken. 

Before discussing these experiment~ reference will be made to a 
few of the more important articles on this subjeet that have appeared 
in the literature. 

In 1921 U chimura (69) suggested the advisability of preparing a 
filtrate for use against 1l1'brion septique. 
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In 1924 Graub (24) reported that in connexion with this matter 
experiments had actually been started by him in 1922. 

In 192-z Pfeiler and Goerttler (54) carried out vaccination against 
Vibrion septique in connexion with certain cross-immunity tests 
undertaken by them. · 

Allen and Bosworth reported in 1924 (1) that they had been fairly 
successful in immunizing animals against Vibrion septique by two 
subcutaneous injections of filtrate or toxin, but that serious local 
effects were produced by this vaccine. Mixtures of under-neutralized. 
toxin-anti-toxin gaveJ good results, double inoculation at twelve days' 
interval being the more satisfactory. Dalling· in 1924 (12) also 
reported that gopd results had been obtained by him with un der­
neutralized toxin. Sobernheim and Zurmaniki in 1924 (63) found that · 
by means of germ-free filtrate it was difficult to confer a reliable 
immunity on guinea-pigs against Vibrion septique; in this respect 
this organiRm differs widely from B. chauvaei. 

01.(,1' Ea:periments.-In the first instance, vaccines against Vibrwn 
septique were prepared purely for experimental purposes, and 
especially for use in · cross-immunity tests, but later a batch of this 
vaccine was actually issued for use in cattle. As mentioned earlier 
in this report, ser:i.ous outbreaks · of malignant oedema are practically 
unknown in this country, put what was believed to be an outbreak of 
this disease occurred in a herd of cattle in South-West Africa. The 
symptoms described resembled those seen in cases of black-quarter, 
but appearently the disease was not confined to any partieular age of 
animals, and, moreover, it was stated that the use of black-quarter 
vaccines did not stop the mortality. Specimens of affected muscle 
from one case were received for examination by the writers , who were 
able to isolate Vibrion septique in pure culture. 

In the following experiments carried out in connexion with the 
preparation of Vibrion septique filtrates, the same technique as used 
in the preparation of black-quarter aggressin was employed :-

Sheep I 
No. 

6650 
6722 
6741 
6826 

8881 
8913 

(a) ExPERIMENT No. 66. July, 1924. 

Vib. sept. Cult. Filt., I 
14.7.24. . 

Vir. V. sept. Cult., 
29.7 .24. 

5 c.c., strain 27, subcut. 
5 c.c., 

20 c.c., 
20 c.c., -

0·2 c.c., strain 31, intramusc. Lived. 
0·4 c.c., 
0·2 c.c., 
0·4 c.c., 

Result. 

} Controls ----(I 0 · 2 c.c., strain 31, in tram usc. Lived. 
\.. 0·4c.c., , , Died(Vibrionseptique). 

The results show that with· a dose of 5 c.c. it was possible to 
immunize sheep against at least one minimum lethal dose of Vibrion 
septiqu.e. 

The filtrate was found, however. to possess toxic properties, a 
well-marked local reaction being present. This was particularly 
severe in the two sheep which had received the larger dose, there being 
marked oedematous swelling of the skin and subcutaneous tissues. In 
consequence of this the animals were very lame, but eventually made 
a good recovery. 
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No. 

9145 
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(b) ExPERIMENT No. 67. August, 1924. 

V. sept. Vac. Subcut., 'Vir. V. s. Cult. Intramusc., 
25.8.24. 10.9.24. Result. 

I 
1 c.c., strain 27 0 · 2 c.c., strain 27 

9168 2 c.c., 0·4 c.c., 
[ Lived. 

Died (Vibrion septique). 
9238 3 c.c., 0·2 c.c., 

" 9245 4 c.c., 0·4 c.c., Lived. 
9281 4 c.c., 0·2 c.c., 
9371 5 c.c., 0·4 c.c., 

9424 } Controls { 0 · 2 c.c., strain 27 Died (Vibrion septique). 
9478 0·4 c.c., 

In this case a g'ood immunity was obtained, closes of 4 and 5 c.c. 
protecting against at least two minimum lethal doses. It is interesting 
to note that a dose of 2 c.c. was not sufficient to protect against two 
minimum lethal doses, and tl1at with a dose of 3 c.c. th e sheep 
succumbed to one minimum lethal dose of virus. 

In these cases ,\ local reaction wa.:; also observed, but [t >ru.,; not 
uearly so severe as in the pre\·ious experiment. 'rhe vaccine had been 
kept a fortnight after filtration bef·ore the injections were made; 
"·hether this had anything to do with the smaller deg1.:ee of toxicity 
is impossible to say at this stage. 

(c) ExPERIMENT No. 68. January, 1925. 

Test of Filtrate, same as used in Experiment No. 66, but lcept in Cold 
Storage for Five and Thrf)e-quarter Months. 

Sheep I 
No. 

9103 
9105 
9155 

9173 

9220 
9231 

9560 

9562 

9632 
9628 

Vib. sept. 
Cult. Filt. 

5 c.c., strain 27 
5 c.c., 

" 5 c.c., 
" 

5 c.c., strain 27 

5 c.c., 
' 5 c.c., 
" 

} Controls for { 
Vibrion 
septique 

\._ Controls for { 
fblack-quarter 

Vir. Cult. Result. 

0 ·1 c.c., Vibrion septique, strain 27, 20 .1. 25 Lived. 
0·2 c.c., 

" " " " 0·3 c.c., 
" " " " 

0·8 c.c., black.quarter, strain 1, 26.1.25 Died (black-
qu&rter). 

1 c.c., 
" " " " 1 c.c., 
" " " " 

0·1 c.c., Vibrion septique, strain 27, 20. 1. 25 [ Died (Vibrion 
I septique). 

0·2 c.c., 
" " " ! " 

0 · 6 c.c., black· quarter, strain 1, 26 .1. 25 j Lived. 
0· 8 c.c., 

" " " I Died (black-
I quarter). 

The results show that after this relatively long peri·od the vaccine 
still retained ito; immunizing value. It showed no protection what-
ever against black-quarter. . 

Only a slig·bt local reaction \vas present, so that apparPntly the 
toxic substances which were responsible for the marked reactions i.n 
the previous experiment ha(l decreased considerably afterr storage for 
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five and three-qua1'ter months. Whet her the toxiuity will always 
decrease on keeping of th e vaccine is not possible to say at the present 
stage of our investigations. 

One batch ·of vaccine was issued for use in catt le on the farm 
previously referred to, and, according to reports received from the 
farmers, marked local and systemic react ions were observed in some 
cases. 'l'he owne1· even believed that the vaccine 'Nas responsible for 
the death of a few cows and heifers in calf which wenli in rather poor 
condition. This vaccine was more than a month old before the farmer 
actually used it, and, moreover, r eactions in our test animals were n ot 
exceptionally severe. 

We are not able to draw any definite conclusions, except ing that 
when issuing filtrat es prepared from Vibrion septiqwe their toxicit y 
will have to be borne in mind . Further experiments to clear up this 
point are called for. 

(d) E x PERIMENT No. 69. D el'crnlJer, 1924. 

This strain of Vibrion septique was isolated from a serum-culture 
mixture imported from Europe and intended for use against black­
quarter. 

Sheep Vac. Subcut., 
I 

Vir. Cult. Intramusu., I 
No. 22.12.24. 

I 
7.1.25. I 

Hesult. 

! 
I 

9002 5 c.c., strain 34 0 · 5 c.c., strain 1 (black-quarter) 

1 

Died (black -qua1.'ter). 
9206 5 c.c., 

" 
0 · 7 c.c., " " " " 9216 5 c.c., 

" 
1 c.c., " " " " ---· 

924!) 5 c.c., strain 34 0 · 2 c. c., strain 27 ( Vib?-ion septique) I Killed 13. 1 . 25, on 
account of necrosis 
leg. 

9423 5 c.c., 
" 

0·3 c.c., " " 
Lived. 

9540 5 c.c., 
" 

0 ·4 c.c., 
" " " 

9332 } Controls for { 0 · 2 c.c. Died (Vibrion septique). 
Vibrion 

9343 septique 0·4 c.c. Killed, 13.1.25, gan-
gren e and necrosis 
on leg. 

9255 } Controls for { 0 ·4 c.c. Died (black-quarter ). 
9597 black- 0 · 6 c.c. " " 9302 quarter 0· 8 c.c. " " 

The results h ere sh ow t hat an efficient filtrat e can be prepared 
for use against Vib'l'ion septique and that such a vaccine affords no 
protection against black-quarter. 

They also show the severe local effect produced by virulent 
cultures of Fibrion septi que; sheep 9249 apparently had a stron()' 
immunity against V ibrion ,;ept1'que and yet had to be de:stroyed o~ 
account o£ extensive necrosis o£ the injected limb. One o£ th e 'control 
sheep also had to be destroyed for the same reason. 
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(a) ExPERIMENT No. 70. December, 1924. 
'l'his experiment was carried out at the same time as the previous 

one, with the object of proving definitely that no immunity is set up 
by black-quarter aggressin against Vibrion septique. 

Sheep I 
No. 

8924 

8959 
9001 
9197 

9332 

9343 

Vac. Subcut., 
17 .12.24. 

Vir. Cult. Intramusc., 
7.1.25. 

5 c.c., black-quarter vac. (batch 73) I 0 · 2 c.c., Vibrion septique, strain 27 

5 c.c., 
" " 

0·2 c.c., 
" " 5 c.c., 

" " 
0·3 c.c., 

" " 5 c.c., 
" " 

0·3 c.c., 
" " 

} { 0 · 2 c.c., Vibrionseptique, strain 27 

Controls 

0·4 c.c., 
" 

, 

I Result .. 

Died 
(Vibrion 
septique). 

" 
" 
" 

Died 
(Vibrion 
septique). 

Killed, see 
Exp. 69. 

The results are conclusive, showing that no relationship exists 
between these two organisms, as far as the immunizing properties are 
concerned. 

(a) Summary and Conclusions. 
(l) An efficient filtrate vaccine against Vibrion septique can be 

obtained by following the same methods of preparations as are recom­
mended in this paper for black-quarter vaccine. 

(2) l"i/,rion sppfiqne cultures have markedl:v toxic properties 
which exert their effects generally and locally, the latter resulting 
in extensive necrosis of the tissues near the site of injection. 

(3) 1'oxic substances are also present in filtrates prepared from 
the cultures, but separated from the organisms they do not appear 
to have such serious effects. The loss of cattle after injection of 
germ-free filtrate has been reported, but to what extent this is true 
cannot be stated. Makers of VibTion septiqne filtrate would be well 
advised to keep in mind tJ1e possibility of their vaccines possessing 
mm·kedl:v toxic properties. 

(4) 0\Ying to the undoubted toxic·ity of Vibrion septique filtrates, 
the writers are not prepared at this stage to express an opinion on 
the nature of the immunity produced , whether largely anti-aggressin 
or partly anti-toxic. 

(5) Conclusive proof is advanced to show that black-quarter does 
not immunize against Tlibr·ion septiq11e and vice versa. 

(7!) romln:n Pd Tlnccinution against Black-quaTte1' anrl Malignant 
Oedem a. 

1'he advisability of adopting a method of vaccination that would 
afford protection against both black-quarter and infection with allied 
organisms has often been referred to by different workers. Thus, 
Uchimura (69) raised this point in 1921, suggesting that a mixture 
of fi~trates prepared from black-quarter, malignant oedema, and H. 
putnficns cultures might be tried. 

vVith a combined injection of black-quarter filtrates and Vibrion 
se11tiqne toxin-anti-toxin, Allen and Bosworth (1) succeeded in 1924 
to render g-nin ea-pigs refractory to both organisms. Maenniger itt 

1924 (46) repol'ted on the good results obtained from the use of a 
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bivalent :filiratf' vacciue against black-quarter and Vibn.on sep-tiq11e. 
The two :filtrates were prepared separatt>]y a('conling to the meth od 
of Graub and Zschokke, and afterwards mixed together. 'l'he mixture 
was said to h ave been non-toxic and to have proved satisfactory in 
practice against both diseases. To clt>i ermine the possibi I dy of u~i ng­
such a mixed vaccine, we carried out only one experiment. the :filtrates 
being prepared from cultures of the t"IYo organisms grown separately. 
The results of the immunity test were as follow~:-

Sheep I 
No. 

11059 
11089 
11100 
13644 
11398 
11420 

ExPERDfENT No. 71 . March, 1925. 

Vaccine Subcut., 
10.3.25. 

10 c.c., bivalent vac. 
10 c.c., " 
10 c.c., " 
10 c.c., " 
10 c.c., " 
10 c.c., " 

Vir. Intramusc., 
24.3. 25. 

1 c.c., black-quarter cult., strain 1 
I c.c ., , , , 
I c.c., , , , 
0 · 2 c.c., Vibrion septigue cult., strain 27 
0 · 3 c.c., " " " 
0·4 c.c., " " " 

Result. 

Lived. 

---------- - - 1-------- -- - ------ - ------ - --- --
11027 } 
) 1139 

11266 } 

11273 

Controls for { 
black-quarter 

Controls for 
Vibrion 
septique 

~ 

{I 

0·7 c.c. 
1 c.c. 

0· 2 c.c. 

0·4 c.c. 

Lived. 
Died (black­

quarter). 

Died (Vibrion 
septique. 

The results were very satisfactory, the mixed vaccine protecting­
all animals against at least one minimum lethal close of both organ­
isms. No well-marke(l toxic effect \Yas obsen-Pd to be present, lmt 
since only one experiment had been undertaken , one -n·ould 11ot be 
justified in. drawing (lefinite conclusion;:;. In localities wherf' hlack­
ouarter is often complicated by the occurrence of malignant oedema , 
the use •of such a mixed va rcine is in clica ted. 

VI.- Frs.\L RuMM.\RY .\ YD CoKCLCS10KS . 

(1) Black-quarter h aR been known to exist in South Africa ewr 
smce the first veterinarians came to this country. At the present 
time it is widespread, occurring as an enzootic in many parts of tht> 
country, ;md being particularly prev::dent in low-lying areas . 

(2) Natural infection occurs in young cattle and, to a Rmallm· 
extent , in sheep. In the lattt> r animals, the •liseaRP• oftt>n makf's !ts 
appearance on a large scale, infection taking place through wounds 
in the skin. 

(3) It is not a sch eduled disease under the Stock Diseases Act, 
the State tlepartments concerned acting only i11 an advisory capacih-. 
Control is left to the individual stocko-n·ners. wbo ar e giYen full advicP 
concerning the best methods of prevention that. are known to science. 

Losses from the disease can be aYoiderl by timel:y inoculation of 
susceptible stock with a reliable vaccine. 

( 4) Bacterial vaccines are based on the prin ciplc that the 
organisms themselves are largely responsible for the immunizino· 
value of a vaccine. This has now been proved to be wnmg, th~ 
" washed " organisms having neither pathogenic properties nor 
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immunizing value. To r ender such a vaccine safe for use, the number 
of organisms contained in it must always be kept at a minimum, find 
in doing this the immunizing value (aggressin-co•1tent) is often 
greatly r educed. Attempts on a big scale to find a metholl of pre­
parati on that would give a vaccine which could he considered both 
safe and efficient h aYe ended in failure. 

(5) E fficient anh-sera can be obtained pasil:v 1:y hyperimmu­
nizing sheep with either virulent cu'ltures or germ-free filtrates. Such 
sera may be u sed in cases where it is desired to obtain an immediate 
protection or in conjunction with virulent culturPs or bacterial 
vaccines. Under the conditions prevailing in this country, there has 
so far been no need to resort to the use of anti-sera. 

(6) The writers h ave never detected any sign of toxin-formation 
in their black-qu arter cultures. 

(7) The immunizing principle in black-quarter is a bacterial 
nroduct which is formed during the active multiplicntion of the causal 
~Jrganism either in the animal tissues or in suitable [trtificial mectHL 
Owing to the aggressive character which it confe1·s on the organism, 
this substance has been ter med aggressin; when it is produced in the 
rm imal body i t is called "natural aggressin," and >vhen it is formed 
in art ificial cultures it is usually referred to as " artificial aggressin." 

The writers h ave not been able to detect any r eal differ ences 
between these two forms of aggressin and are forced to regard them as 
identical. Apparently the one produced in the animal body is 
formed under ideal conditions, and is therefore present \Yith more 
certainty and in greater abundance; the other is produced arti­
ficially, and th e degree or intensity of its production wust, and 
undoubtedly does, depend on the nearness to which one is able to 
approach the artificial and natural conditions of bacterial gTowth. 
The efficien cy of an artificial aggressin as an inm1unizing substance 
depends, th er efore, on the perfection to which the artificial cultivation 
of the organisms can be brought. 

The following proper ties po~sessed by ::1ggrc~sins are of consider­
able importance : -

(a) They are absolutely non-toxic and gern1-free. 
(b) 'l'hey have excellent keeping proJ?erties; natural aggressin 

preserved in 60 per cent. glycerme has been kept for two 
and a quarter years, and artificial aggn•,.,sin for ovpr a year, 
without their immunizing properties hei11g lost; natural 
aggressin resists heating at 80° 0 . for half an hour, 
artificial aggressin 95° 0. fo1· half an bout· . HlJ(l direct 
sunlight for 100 hours. 

(c) 'l'hey confer a shong, lasting· immvnih: nH·c.inateJ sheep 
still flhmTecl immunity twelve montl1s after inoculation. 
Artificial aggressin has a great ad•:antage over natural 
aggressin, in that it can he preparrcl much more cheaply 
and simply. 

(8) A well-marked variation in the virul<·nce ,uHl immunizin"' 
mlue of hl ack-quarter strains from different lo('a lities hnc; bee~ 
~stablished . _The variation in Yirulenre js not of g·tent practif':il 
Impor tance, .sm ce with an efficient vaccine it jc; po~sible h immunize 
am mals agamflt all other strains. 

(9) A good immunizing vaccine (filtrale) :tgainst malignant 
oedema can be ~re})ared by followi11g the tec1mique employed by us 
for the preparat.wn of black-quarter filtrate. 
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(10) Vaccination against b'lack-quarter affords 110 protection 
ag-<~inst infection with malig'nallt oedema and vice versa. . 

(11) A mixt>d vaccine for use against both diseases can be. o~tamE'r1 
l:y gTowing the respective or,g·anisms separately and then m1xmg the 
two filtrates in equal proportwns. 

(12) During the iast few years, black-quarter filtrates (artificial 
aggTessins) have been used extensively in South Africa, the annual 
issues being well over a quarter million doses; for 1924 the figure was 
268,040 doses. The results obtained have been extreme'ly satisfactory, 
so much so that complaints in regard to the efficacy of the vaccine are 
practically unknown. Experience has shown that a black-quarter 
vaccine may be <·onsidered satisfactory so long as animal tests show 
it to be efficient against at least one minimum lethal dose of virus. 
This was the accepted standard with the first artificial aggressins 
that were issued, and we have on record cases where with this vaccine 
farmers were able to stop all mortality from black-quarter on 
extremely badly infected farms; in fact, in some of these cases 
repeated vaccination with other preparations had been tried unsuc­
cessfully. We now use vaccines of a higher standard, protection being 
required a\.("l im;t at least t.wo or three minimum lethal doses of virus . 
Several thousand doses o£ natural] aggressin have also been used with 
great success; this vaccine has not been used n10re extensively simply 
because the more easily prepared and cheaper artificia'l aggressin has 
given every satisfaction. 
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