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parts o£ the country, such as the bushveld or coastal areas, but it 
must be understood clearly that it is by no means of rare occurrence 
even in the high veld of South Afl'ica. T'here is no reason to believe 
that the disease in South Africa is connected with any special kind 
of soil, since it is of common occurrence on farms where wet, marshy 
places do not exist. 

Owing to the fact that black-quarter is n!Jt a scheduled disease 
under the Stock Diseases Act, no aceurate 'statistics concerning its 
distrib}.ltion are available, .but it is genera:lly recognized to be _of 
seasonal occurrence. According to the experience of farmers, the 
disease is at its worst during the spring or early summer months, and 
especially ::tfter heavy rains. As a matter o£ fact, this general 
experience of farmers has led many to believe that the disease is 
connected with the rapid growth of the young . animals during the 
early summer months. From our records, it wouia appear that inocu
lation against the disease is carried out throughout the year, very 
little difference in the amounts. of vaccine issued during the different 
months of the year being shown. This does not, however , indicatt> 
anything, because the time chosen for inoculation will depend on the 
age of calves; for instance, calves born during September to December 
mav be inoculated when they are about six months old or older, i.e. 
during April to July. In this connexion it should be stated that some 
farmers do not undertake preventive inoculation until the calves are 
9 to 12 monthR old. It is interesting to note that, according to 
Edmunds (14), black-quarter was first recognized in Southern :Rhodesia 
in 1911, and that during- 1916 to 1919 the disease spread rapidly 
through the country. 

Further north black-quarter does not appear to be a serious stock 
disease. At the fifth Pan-African Confereuce, held at Nairobi in 
April, 1923. representai.iYeR from the Sudan, Nyassaland, and Tangan
yika mentioned thaJ the disease l1ad not been recognized in those 
territories. 

(3) !-1 nimals Affected. 

Natural cases occur only in cattle and sheep, and in the latter 
only in special circumstances. 

The most susceptible <tge of calves appears to lie between 9 and 18 
months, but cases of the disea>:e are common in· cattle between the 
ages of six months and three years . The disease also makes its 
appearance now and again in younger calves (down to one month) an_d 
in older cattle (up to six and seven years). Experimentally, calves 
show a great variation in susceptibility, so much so that w.e have 
found them most unsatisfactory to use in our experimentR. It is 
practically impossible to determine the minimum lethal dose of the 
virus that would in most cases prove fatal to calves by intramuscular 
injection. Usually about 3-4 c.c . ·of a 24-hour-o]d Hi.hler culture was 
required to kill the average-size calf of 9 to 12 months old, hut very 
often much bigger doses were necessary. 

Shee9 contract the diseas·a naturally by infection through wounrls 
in the skin, such wounds occurring commonly during shearing, castra
tion, docking, etc. In this country hides removed from cattle are 
commonly hung out to dry in covered sheds, in which it is the usual 
practice to carry out shearing operations. Not only that, but the dry 
bides are very often made use of to keep the sheep clean. and in this 
way the source of infection can be traced Yer:v easily. There being a 
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common source of infection, it is usual in these cases for the disease 
to break out on a relatively large scale, many sheep showing symptoms 
within a :few days after the operation was performed. 

Only one case has so far been brought to our notice where an out
break of black-quarter in sheep was not preceded by operative inter
ference; this happened on a farm where the disease was extremely 
prevalent in young cattle, and where it could · be stopped only after 
the use of our improved black-quarter vaccine (filtrate). After the 
mortality had ceased in cattle, sporadic cases made their ap·pearance 
in the sheep running on tbe farm; the owner was obliged to carry out 
preventive inoculation, and soon after this was done no further losses 
were expsrienced. 

~xperimentally, the sheep is the most susceptible animal we 
have, much more so than the guinea-,rig. Whereas it requires a doss 
of at least 1 c.c. of virulent culture (our strain 1) to kill the average
sized guinea-pig, sheep will succumb to ~ c.c. of the same virus. 
Mol'eover, generally speaking, the difference in susceptibility in sheep 
of the same breed has been found to be very small, although, as is the 
case with other animals and other infections, animals possessing well
marked natural resistance have now and again been encountered. 

As will be seen later, in our experimental work sheep have been 
used almost exclusively. 

Goats are much mon~ resistant, at least 3 c.c. of virulent culture 
(strain 1) being necessary to set up a fatal attack of the disease. 

Horses, rabbits, and white mice have been injected with virulent 
cultures, but these animals appear to be in possession of a strong· 
natural immunity. 

(4) Method of Infection. 
This important matter still remains ob§!cure, no definite· evidence 

being forthcoming to prove the manner in which infection occurs 
under natural conditions. 

We havs carried out a few experiments to find out whether infec
tion could be producd by the administration of virulent cultures per 
os, but obtained negative results. No attempt was made at the time 
to secure wounds or abrasions of the mucous membranes of the gastro
intsstinal tract, but experiments along these lines will be tried. 

It is common knowledge that in 0alves suffering from the disease 
it is rarely possible to rlemonstrate wounds or abrasions of the skin. 
Moreover, in our experiments it has been shown that comparatively 
large quantities (3 c.c. ~nd more) of virulent material is required to 
produce the disease in calves by intramuscular inj·sction . It is 
difficult to conceive how such a big dose of virus could enter through 
the skin under natural conditions, especially when it is remembered 
that ths skin wounds are considered to be so small that they are not 
easilv detected. 

It seems to us that some unknown factors are involved concerning 
the nature of which one can only speculate. 

As already indicat ed, sheep undoubt'"dly contnct the disease 
through ,·munds in the skin, hut in this case the wounds are relatively 
lctrge and, moreover, the black-quarter lesion can usually be connected 
v:ith the skin wounds. 

(5) J:.hle Causal Organism. 
It is not intended to give a detailed description of B. chau.vaei. 

but merely to mention points of special interest, at the same time 
showing that we have actually to no with the classical organism. 
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(a) M01·phology.-In smears taken shortly after death from the 
local lesion, the following forms are encountered: bacillary, end
points, rarely granular, orgonts, and spores; the latter are numerous 
if the smears are made after the carcass is a few hours old. In fresh 
cases smears m~ule from the liver surface and from a cut surface of 
the spleen show baeillary forms, occurring singly or in pairs, but 
neither orgonb; or ~pores are met with. Spores are found in the 
organs after the carcass has undergone a certain amount of decomposi
tion. In the blood of perfectly fresh cases black-quarter bacilli occur 
only in small numbers, sometimes so small that one fails to detect 
them by microscopic examination of smears; they can, however, 
invariably be demonstrated by cultural methods. 

In culture media probably all the forms described in the litera
ture have been observed, including the short chains referred to by 
v. Hibler (31); in the few cases which have come under observation 
the chains were made up of up to :four or five links. 

(b) Cult-ural Characte1·s.-Our black-quarter strains do not grow 
in broth, glucose broth, agar, or glucose-agar; they thrive best in 
·media consisting of liver hroth to which pieces of liv·er and brain are 
added. Growth was obtained on serum, but for a solid medium, 
glucose-blood-agar has been used in all routine work. Zeissler first 
recommended this medium, and we can support him whole-heartedly, 
especially when a medium is required for is<>lation and identification 
of the organism. A certain amount of variability in the appearance 
of the colonies was encountered, but these atypical forms we thought 
might be rlue to a difference in the quantity of moisture present on 
the surface or to a difference in the ag2 or l'Ondition of the seed 
material. Furthermore, some strains were encountered that did not 
form typical colonies until they had been accustomed to the medium 
bv repeatd subculturing, alternating the solid with a liquid medium. 

(c) Biochem1:cal Peatures.-Owing to stress of work in other 
directions it has not been possible to pay a great deal of attention to 
this matter, but fermentation tests have been carried out in connexion 
with some of our strains. This was done by Mr. A. D. McEwan, who 
worked in the black-quarter laboratories for a few months. He 
obtained satisfactory results with a medium composed of fermented 
liver broth to which a small quantity of sterile tissue, such as liver, 
kidney, or brain, had been added after sterilization. On the whole, 
the sugar reactions corresponded with those describ~d by previous 
workers, but since the. tests were undertafuen on only a small scale, it 
is not consideren advisrrble to publish detailed results. Further work 
in this connexim1 is now in progress . and it is hoped to have the 
results available for publication within tlie next few months. 

(d) Patl10gen icity.-This question is discussed fully elsewhere 
in this report, so that at this stage brief reference may be made only 
to the fact that there is great variation in the virulence of different 
strains o£ the organism. Tbe virulence of any particular strain is 
h:ighest soon after isolation from a natural case of black-quarter. 
Most strains are inclined to become we<tker nfter Tepeated subcultiva
t.ion on r,rtificial media, but it is usually possible to restore the 
virubnce completely by passage through ~mi.mals. As a matter of 
fact. we make it a rule to pass our 8tr~•ins through g·uinea-pigs before 
they nre used in any crucial tests; by doing this it is possible to 
obtain fairly uniform results in such experiments as immunity t~sts. 
Elsewher·e in this report reference is also made to the part played by 
:tggressins in determining the pathogenicity of black-qnarte1· OJ·ganisms. 
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(e) Mode of Life.-B. chauvaei is generally believed to be rut 
ordinary facultative parasite, capable o£ existing and multiplying in 
the soil o£ certain localities. No experimental evidence to prove this 
contention or to show how long the organisms can exist outside the 
animal body has ever be2n advanced. It is admittedly a difficult 
question, but with the advance of our scientific knowledge attempts 
at its solution should not be beyond the bounds o£ practicability. 
Beyond saying that, as is the case with anthrax, the infected carcass 
must play a considerable role in the maintenance and spread o£ infec
tion, we are not in a position to bring forward any information thnt 
would throw light on the matter. 

B.-CONTROL OF BLACK-QUAf·rl'I<:U. 

It has already been mentioned that in this country State control 
in connexion with black-quarter is not carried out. 'fhe State 
veterinarians, by means o£ lectures, popular artip1es, etc., advise the 
farmers concerning the nature of the disease, the methods of spread 
and infection, and the best :means o£ combating it. Special stress in 
laid on the necessity of disposing of the infected carcasses in a proper 
manner, and finally the stockowners are given full advice in regard 
to the methods of preventive inoculation. Owing to the £act that 
black-quarter is a disease which, for all practical purposes, only 
attacks the young animal, it can be controlled ·easily by means of 
vaccination without any great expense or hardship to the owner. The 
farmer has learnt £rom experience that all he has to do is to· get hiR 
young cattle safely over the susceptible age, an~ this can be done ],y 
one or two or, at most, three annual inoculatiOns, the number of 
inoculations depending on theage at which the first injection is made, 
on the degree o£ infection that exists on the farm, and o£ course on 
the reliability of the vaccine employed. . · 

When one compares the disease with such a dangerous condition 
as anthrax, which attacks all ages and all species of farm animals, 
and ·against which, in consequence, annual inoculation has to be 
carried out £or ye:ars on end, one begins to appreciate the simple way 
in which black-quarter can be controlled. 

In the following pages will be found a detailed discussion o£ the 
various methods o£ preventive inoculation that have been, and are. 
still being . employed against this disease. 

I.-BACTERIAL VACCINES. 

Under this heading will be discussed vaccines containing live or 
"attenuated " organisms. The term "attenuated " is employed here 
in the sense in which it is being applied by present workers, namely, 
that the material containing black-quarter organisms has been reduced 
in virulence. This reduction in virulence, at least as far as powde:r· 
vaccines are conoerned, is now accepted to mean that the numbers of 
organisms have been reduced, and not that the organisms ha·v·c become 
attenuated in the correct sense. As a matter o£ £act, there is no reason 
to believe that black-quarter spores; which are employed in the 
bacterial vaccines, ever become attenuated. 

It would serve no useful purpose to discuss in any detail the 
historical development of this form of vaccination against black
quarter: it might suffice to remind the reader that the first workers 
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to practise a method of protective, inoculation against the disease were 
Arloing, Cor:Q.eyin, and Thomas (5). They tried to immunize animals 
by repeated injection o£ small quantities of virulent material, and in 
this they were fairly successful. At any rate they were able to work 
out a double method of inoculation by employing diseased muscle or 
muscle juice after proper "attenuation" by heat. 

In 1893 Kitt (37) tried to simplify the method by introducing 
" single" vaccination. He also attempted attenuation by heat, but 
later on realized that there oould be no question of true attenuation, 
the material employed becoming less virulent simply because a reduc
tion in the number of virulent spores had taken plaoe. 

According to statistics, these early methods of vaccina~ion were 
responsible for reducing the mortality from black-quarter to some 
considerable extent. 'rhat they were never really satisfactory is 
proved by the fact that attempts at improvement have always been in 
progress. 

These older methods of vaccination were employed in South 
Africa from the very early times and have been in use until a few 
years ago . As long· ago as 1885 black-quarter powder vaccine was 
:imported into Natal from France by Wiltshire (75), and from 1887 
attempts at the preparation of a reli able vaccine had been made at 
Grahamstown. From the veterinary laboratory at the latter place a 
vaccine was issued in 1897 (56), and according to reports by Hutcheon 
(32) proved to be effective and reliable . During the same year the 
Orange Free State obtained vaccine from Grahamstown (56) , while 
Natal commenced the preparation of its own black-quarter vaocine 
during the following year (59). From 1905 Theiler prepared black
quarter vaccine in the Transvaal (58), and soon after Unioll of the 
four Coloni.es mentioned all activities in connexion with tha prepara
tion· of this and other vaecines were concentrated at the main labora
tories at Onderstepoort (57). 

That the vaccine, in spite of its shortcomings . was extensively 
employed in the Union is proved by the fact that during the fiscal 
year 1919-20 the issues re:c~ ched the high figure of over hal£ .a million 
doses. 

Methods of Prepa.ration and T es t£n.r; of the Powder Vaccine . 
The methods employed at th~ Onderstepoort Laboratories were 

briefly as follows :-
(a) CIJllection of Virulent Mater1:al.-Strips of diseased muscles 

taken from natural cases were dri·ed, then powdered, and mixed with 
normal saline or sterile water for injection into susceptible animals. 
Originally calves were used for this purpose, but later on sheo?p were 
substituted as being equally suitable , and of course much cheaper. 
After the death of the animal, affected muscle was collected, cut into 
thin strips, and then dried in a hot-air oven , or preferably in the open 
air. As soon as the muscle strips were perfectly drv- and sporula
tion complete-they were rendered into a fine powder, which was 
intended for storing as virulent strains or for inj ection into further 
<mimals for preparation of the vaccine. 

(b) Preparation, olf the Vaccine.-In th e earlier days heating· at 
85-90° C. for twelve hours was the common practice. The vaccine was 
then injected into animals to test its safety; if it p·roved to be too 
virulent, reheating and retesting followed unt.il attenuation was 
considered sufficient to render the vaccine safe for use in- practice. 
According to Walker (72), the total period of heating required varied 
from 19 to 141 hours. the average being about 44 hours. 
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A.t a later stage a shorter period o£ heating at a higher tempera
ture waR tried; £or instance, batch 62 vaccine• was f·ound to be suitable 
for issue as a single vaccine after heating in a Koch's pot £or only six 
hours. In £act, about this time the system o£ reheating was com
pletely discontinued and a standard method of attenuation adopted. 
'fo obtain a suitably attenuated vaccine :for the first injection in the 
double method o£ inoculation steaming in a Koch's pot was carried 
out £or nine hours, while for the single vaccine and second injection 
in the double method the period o£ heating was fixed at six hours. 

(c) Methods Employed for Testing the V·accine.-A.t first tests on 
animals were carried out only to determine the safety of the vaccine, 
while immunity tests were completely disregarded. Sheep were the 
test animals commonly employed, from one to ten doses o£ the newly 
prepared vaccine being injected. This method o£ testing for safety 
was the best one available, but could not be considered to be reliable 
at all times. 'fhe reason £or this is that, in spite of all efforts to get 
the powder thoroughly mixed , there was no certainty that the 
organisms present would be distributed evenly throughout the 
mixture. 'l'o illustrate the uncertainty o£ the method the following 
examples may be given:-

(1) In April, 1918, batch 21 was issued as first o£ double after 
passing the following test :-

Sheep No. 

10994 
11129 
12450. 
12458 
13328 
13338 

ExPERIMENT No. 1. 

Vaccine Injected. 

l dose subcut. 
1 , 
5 doses 
5 " 

10 " 
10 " 

Reaction. 

Little or no swelling. 
Very slight swelling, not lame. 
Small swelling, painful, lame. 
Fairly large swelling, carries leg. 
Small swelling, carries leg. 
Large hot swelling, lame. 

A.ll sheep recovered and the vaccine was passed for issue. 
Some time later report s .were received from a :few farmers 

complaining that the vaccine was responsible £or causing the death of 
calves. 

(2) As a result o£ these complaints a further animal test was 
carried out with a sample o£ vaccine actually J'eturned by one o:f the 
farmers. These are the results :-

Sheep No. 
14094 
14095 
14096 
14097 

Calves No. 
4081 
4007 
4061 
4080 

Exl'ERIMENT No. 2 -

Vaccine Injected. 

5 doses from tube I subcut. 
2 I 
5 II 
5 II 

l dose from tube I subcut. 
2 doses I 
1 dose II 
2 doses II 

Result. 

Died from black-quarter. 
Survived. 

" Died from black-quarter. 

Survived. 
Died from black-quarter. 

[ Survf~ed (no syru'ptoms). 

-------- ---------
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They show quite clearly that some tubes o£ vaccine were far too 
virul·ent, a cal£ being killed in one case from a single dose only. . 

(3) . A further test with another sample of the same batch .of 
vaccine was carried out, the results being as follows :- . 

Shoop No._ l_ . 

14098 
14099 
14101 
14102 
14103 
14104 

ExPERIMENT No. 3. 

Vaccine Injected. 

1 dose · subcut. 

1 " 
5 doses 
5 " 

10 " 
10 " 

Survived. 

Result. 

Here it was clearly shown that the particular sample submitted 
to the test was not too strong. One must conclude therefore that 
different samples taken from the same batch of vaccine varied greatly 
in their virulence. 

Numerous examples from experiments carried out at Onderste
poort may be given to show the unreJ.iability of th!s method of pre
paring and testing black-quarter vaccine, but the following further 
ones should be sufficient :-

(1) Vaccine batch 25 was prepared in March, 1919, and tested 
out in sheep·, with the following results:-

Sheep No. 

16114 
16074 
16154 
16193 
16092 
16186 

E xPERIMENT No. 4. 

Vaccine Injected. 

10 doses subcut. 

10 " " 
5 " 
5 " 
1 dose 
l " 

Died. 
Survived. 

Result. 

One shee·p receiving ten doses died from black-quarter, and hence 
the vaccine was considered too strong for use as a :first of double for 
which it was intended. ' 

(2) After reheating, a further test on sheep gave the following 
results:-

Sheep No. 

15497 
15423 
15479 
15389 
15376 
15602 

ExPERIMENT No. 5. 

Vaccine Injected. 

10 doses subcut. 
10 " 
5 " 
5 " 
1 dose 
l , 

Died. 

Result. 



'l'hese were certainiy remarkable, in that, in spite o£ reheating,, 
the sample tested appeared to be more virulent than the one testeq 
before reheating was carried out. One can only conclude that further 
heating did not have very much effect on the organisms, and that there 
was again a marked difference in the virulence of the two samples that 
had been submitted to the test. 

(3) The same vaccine was attenuated further by heating for 
twenty hours, and a sample tested on sheep g·ave satisfactory r·esults, 
no mortality m· severe reactions being produced. Following are the 
details of this test : -

Sheep No. 

15421 
15371 
15431 
15462 
15491 
15473 

ExPERIMENT No. 6 . 

V>tccine Injected. 

10 doses subcut. 
5 " 
5 " 
2 " 
l dose 
l " 

• 
Result. 

I Slight~: lame, s~:vived. 
No reaction, 

Whi'ie in the safety tests for the first of doulJle vaccine the death 
of any sheep was taken as an indication that the vaccine was too 
strong, in the case of the second of double the vaccine was considered 
safe for issue when on·e or two .10-dose, or one .10-close and one 5-dose, 
or only one 5-dose sheep died from black-quartel'. In the following· 
experiment will be seen the results, which were considered to be 
satisfactory for a second of double vaccine :-

EXPERIMENT No. 7 0 

Sheep No. Vaccine Injected. Result. 

209 1 dose subcut. Lived. 
220 1 

" " 270 5 doses Died. 
905 5 

" 
Lived. 

920 10 
" 

Died. 
922 10 

" 
Lived. 

Comp'laints in connexion with the immunizing properties of th e 
vaccine had also been of rather frequent occurrence, and as long ago 
as 19.18 it was considered necessary to make certain that Vibrior~. 
septJiqu.e was not mistaken for B. chauvaei and actually used in the 
preparation of the vaccine. A simple method of settling this point 
was to include in each safety test a few guinea-pigs ancl a few rabbits . 
This meant, of course, that the rabbits which are not susceptible to 
black-quarter should not die in the test. 

At the same time every effort was made to improve the method, 
particularly in regard to obtaining good sporulation in the muscle 
material and an even distribution of the organisms in the powder. 

At a later stage it was believed that some strains of black-quarter 
may not immunize against others , and to overcome this difficulty 
strains from various parts of the country were collected and mixed for 
use in the preparation of our powder vaccine. 
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In some cases also the usual dose of 10 mg. was increased to 
20 mg. In spite of these efforts to .improve the vaccine, reports 
received from the practice at different times went to show that its 
immunizing effect was not always satisfactory. 

It was then fully realized that every batch of vaccine ':ihould be 
submitted to an immunity test carried out in susceptible animals 
and passed out for issue only when the results of such a test proved 
to be satisfactory. As soon as this method of testing was put into 
practice it was found that black-quarter vaccine in powder form 
conferred very little immunity o'n the experimental animals. 
Numerous experiments to prove this point could be given, but a fe'f 
of th.e later ones should be sufficient. 

Sheep No. 
1950 
2116 
2228 
2461 
2608 
2692 

Calves No. 
231 
233 

1 rabbit 
1 

1 guinea-pig 
1 

(1) ExPERIMENT No. 8. August, 1921. 
Second of Double and Smgle T1 accine. 

Vaccine Subcut. 

10 doses 
10 

5 
5 

" 1 dme 
l 

5 doses 
l dose 

3 dose3 
1 dose 

3 dJses 
1 dose 

Virus Intramusc. 

15 mg. (Fuls.) 

10 mg. (Fuls.) 
5 
5 

No virus given 

Result. 

I Died from vaccine. 
· , (black-quarter). 

, from vaccine. 
(black-quarter). 

No reaction on vaccine. 

Lived. 

Died (black-quarter). 
Lived. 

The minimum lethal dose of virulent powder (Fuls. strain) for a 
sheep was determined as 5 mg. The- results show absence of 
immunity, and this in spite of the fact that the vaccine was sufficiently 
virulent to kill a guinea-pig and a sheep inj ected with five doses. 

(2) ExPERIMENT No. 9. October, 1921. 
Second of Double and S1ingle T1 accine. 

Sheep No., Vaccine, 13.10.21.1 Virus Intramusc. Result. 

3854 1 dose subcut. 15 mg. (Kitchener), 27.11.21 i Died from black-quarter. 
3893 1 10 23.11.21 ·j 

" : Survl~ed. 3898 5 doses 15 27.11.21 
3900 5 12 " 

14.11.21 Died from black-quarter. 
3902 10 

" 
15 27.11.21 

" 3905 10 
" 

10 14 .11.21 Survived. 

Here the minimum lethal dose of the virulent powder for sheep 
was found to be between 10 and 15 mg. Practically no immunity 
was present in sheep that had received one dose of vaccine, while 
some degree of immunity could be demonstrated in those ihat had 
received five and ten doses of vaccine. 
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(3) ExPERIMENT No. 10. i\'owmber, 1921. 

Second of Double and S,ingle Vacc-ine. 

Sheep No. I Vaccine Subcut. Vil·us Intramusc. Result. 

3861 
3866 
3896 
3974 
3934 
3990 

10 doses, 8 .11. 21 
10 
5 
5 " 
1 dose, 
1 

7mg.(Fuls.), 29.11.21 Survived. 
15 (Kitchener), 

10 " " " 6 (Fuls.), Died from black-quarter. 
10 (Kitchener), Survived. 
5 (Fuls.), Died from black-quarter. 

In this case quite an appreciable degree o£ immunity eould be 
demonstrated, at least one anima'l which had received one dose of 
vaccine being protected against one minimum lethal dose of virus. 
As a matter o£ £act £rom our extensive experience with powder 
vaccine we could safely say that this represents about the highest 
degree o£ immunity that could be expected after the use of this form 
o£ vaccine. 

(4) EXPERIMENT No. 11. January, 1923. 

Single and Second of Double Vaccin e. 

Sheep N o. l Vaccine,' 30. 1. 23. , Virus, 27. 2. 23. R esult. 

4995 20 doses subcut. t c.c. v . cult. intramusc. Li,·ed. 
5498 20 

" " 
10 mg. v .muse. pd. 

" " 5301 10 " " 
t c.c. v. cult. 

" 
Died (black-quarter). 

5065 10 
" " 

10 mg. v. muse. pd. 
" Lived. 

5300 2 " " t c.c. v. cult. 
" 

Died (black-quarter). 
5377 2 

" " 
10 mg. v . muse. pd. 

" 
Lived. 

5264 } ( t c.c. v. cult. intramusc. Died (black-quarter). 
5030 Controls -< t c.c. v. cult. 

" " " 4966 l 10 mg. v. muse. pd. ., 
" " 

In tlJis case animals receiving the bigger dose (20 c.c.) o-f vaccine 
were protected against one minimum lethal dose of virus, while those 
that were injected with smaller doses (10 and 2 c.c.) had sufficient 
immunity to withstand the virus in only two out of £our cases. • 

A tte·mpts at I 7n[J1';0vwnwnt by Other W or leers. 

Numerous attempts at improving this method o£ vaccination have 
been made by workers all over the wor'ld, but only a £ew of these need 
be mentioned here. Zschokke in 1917 (79) referred to the advantages 
connected with the use of muscle juice instead o£ the muscle itself, but 
this would be ruled out on account o£ expense. To obtain a very 
fine powder the use of sets o£ sieves with various meshes was recom
mended. Straining through muslin was tried and even ready-made 
emulsions in closed glass tubes were sold, but none of these methods 
proved to be satisfactory. 

To make certain that each animal receives the correct dose, the 
vaccine has been put up in pellet form, so-called Blacklegoids. We 
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submitted several of these preparations to animal tests, and found 
them far from satit-factory, as the following experiment will show:-

ExPERD1ENT No. 12. July, 1924. 
Test of Bladcle g o·ids (Imported). 

Sheep No. I Vn,ccine Subcut. i Virus intramusc. Result. 

1 dose (single), I c.c. ot" v. cult. I, 29. 7. 24 
8.7.24 

" . " 

6276 1 Lived. 

6486 Died (black-quarter). 
6±90 1 dose (double), I l , , 7 .8.24 

8, 7, 24 and 21.7. 24 ·1 
6553 " l . 5 " " " 

--s72a~~C~rols for fo~ c.c. of~. cult. I, 29.7.24 
8733 J smgle vn,ccme 1._ . 0 · 7 , , , 

Died (black-quarter). 

------·--------~-----------1 
, 8!82 ~ ~ Controh for f l l _c.c. of v. cult. I, 7.8.24 Died(black-quarter), 

8192 1 _.~ double vaccme 1._ 1 · o , , , 
I i 

----~----------------~-----------
As will be seen, very little immunity could be demonstrated. .At 

the same time the vaccine was shown to be grossly contaminated with 
other organisms, such as cocci, B . . w'eilchii group, etc. It may also be 
stated that from the single vaccine no growth could be obtained, so 
that it is doubtful whether the one animal which survived the test 
was really protected by the vaccine. We are inclined to think that 
it was one of the rare cases met with in sheep showing a strong 
natural resistance against black-quarter. 

It may be mentioned that we prepared artificial aggressin from 
the black-quarter ·organisms isolated from the second of double black
leg·oids and that this aggressin conferred a strong immunity on sheep. 
Unsatisfactory results obtained from tests carried out with pellets 
are also reported on by Haslam and Franklin (1920) (29), but they 
"·orked with so-called pseudo-blackleR pellets. 

Othe1' Bacterial Vaccines. 

Apart fron, the infected muscle used in the preP'aration of powder 
and similar vaccines, other material containing Mack-quarter spores 
has been tried to ·obtain a reliable vaccine. .<\. few of these methodfi 
may be mentioned :-

Spores and " toxins " have been separated from the muscle and 
coagulated albumen; a liquid vaccine was obtained by adding hypo

. tone N aCl solution after beating. This form of vaccine proved to be 
too dangerous . 

.As long ago as 1889 Kitasato (36) tried artificial cultures grown 
for fourteen days and then heated for hal£ an hour at 80° C. 

In 1913, Leclainche and Vallee ( 42) tried 5-8 days old cultures 
after they had been heated for two hours at 70° C. These methods 
are, however, attended with a great deal of risk. 

In 1900, Thomas (68) tried vaccination with silk threads impreg
nated with spores obtained from frogs. 

In 1911, Foth (17) reported on the preparation of a thread 
vaccine, the threads being impregnated with a white amorphic powder 
obtained from precipitating a boumon culture with alcohol. 



All these methods are obviously very unsatisfactory and have 
not been paid ;my serious attention at our laboratories. A few 
experiments were made in connexion with the method referred to by 
Leclainche and Vallee, but the results were disappointing. 

Dis:Jussion on Bacterial Vaccines. 
The idea underlying all methods of protective inoculation against 

black-quarter with vaccines containing- the causal organisms has been 
that the organisms themselves are responsible for the production of 
immunity; it was generally believed that a reaction set up by bacterial 
action in the animal body had to talre- place and that as a result of this 
anti-bodies were produced. In other words, the bacilli or sp'Ores were 
regarded as the essential part o£ the vaccine, thus leading us to 
conclude that we had to deal with an anti-bacterial immunity. 

This idea had taken root so deeply that when the principle of 
immunizing against black-quarter with g-erm-free preparations was 
first mentioned, it met with vigorous protests from different quarters. 
Even Foth, who in 1911 (17) had suggested that guinea-pigs could 
be immunized with germ-free material, came forward in 1922 (18) 
with the contention that with the ordinary methods o£ filtering it 
was practically impossible to obtain germ-free filtrates from black
quarter cultures. He had come to this conclusion after having experi
mented with germ-free filtrates obtained from different sources, in 
some o£ which he could demonstrate t he presenee of black-quarter 
organisms by the inj ection o£ comparatively large quantities into 
guinea-pigs. As late as 1924, Foth (19) expressed the same views 
at a meeting o£ the German Biological and Medical Society held at 
Innsbruck. He then stated clearly his belie£ that even with our 
modern technique it was quite impossible to prepare an absolutely 
germ-free filtrate from black-quarter cultures. He was o£ the opinion 
that <'ome organisms pass even thP finest o£ filters and that, chiefly 
owing to their small numbers, their presence in the filtrate could be 
demonstrated only by guinea-pig inoeulation. 

As far as our filtrates are concerned, we have no hesitation in 
saying that they are entir:ely germ-free and that Foth's argumellts, 
therefore, fall to the ground. 

As far as the anti-bacterial immunity is concerned, it should be 
pointed out that it has been proved experimentally over and again 
that the black-quarter organisms by themselves are not capable either 
o£ killing animals or o£ conferring immunity on them. MoFlt o£ this 
work has been done in America, but the following experiment carried 
ou1 by the authors will serve to throw further light on the subject: -

BxPERIMENT No. 13. 

Guinea.- I Original .Washed Black-quarter Result. 
pig No. I Culture. Culture. Culture Filtrate. 

1 - 3 c.c. intramusc. - No reaction. 
2 - 5 c.c. 

" 
- Very slight reaction. 

--· 
3 - 3 c.c. intramusc. 3 c.c. intramusc. Fairly marked reaction 
4 - I 5 c.c. 5 c.c. 

" 
Died within 48 hours. 

-· -

I 
5 2 c.c. int. muse. - - Died within 24 hours. 
6 3 c.c. 

" - - , 
" 
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. 'l'he washed cultures were prepared by centrifugalizing the 
onginal emulsion three times, the supernatant liquid being pipetted 
off each time arid the original volume of :fluid restored by adding 
normal saline. 

'l'he results show clearly that the organisms suspended in normal 
saline were not pathogenic to guinea-pigs, whereas the addition of 
filtrate (ag-gressin) served to restore their virulence to some extent. 
Fi'ltrate (aggressin) is, however, not the only substance that may be 
used to restore th£'1 virulence of washed black-quarter spores; v. Hibler 
in 1908 (31) ascribed the same effects to lae:tic aoid and foreign sub
stances in general, such as sterile sand, ground glass, etc. We used 
glycerine in our experiments, one of which may be given here :-

ExPERIMENT No. 14. 

Guinea-pig No. Injected ·Intramusc. Result. 

i} Controls { 
1 c.c. of original culture Died from black-quarter. 
2 c.c. 

" " " " 3 c.c. 
" " " " 

- --- ----

li} eoo~• { 

2 c.c. of cult. washed three times, plus Lived. 
normal saline 

4 c.c. 
" " " " 6 c.c. 
" " " " 8 c.c. 
" 

, ' · " 
--~-----

8 .... .. .... . . 2 c.c. of washed cult., plus normal saline, Died from black-quarter. 
plus 60 % glycerine 

9 .... . ....... 4 c.c. , , , , 
" 10 ....... . .... 6 c.c. , , , , , 

11 ....... . .... 8 c.c. ., , , Died; no symptoms of black-
quarter. 

-· 
12"\. J 2 c.c. of sterile glycerine Lived. 
131 Controls l 5 c.c. , , 

" 

l 'his shows clearly that the same effects can be produced by the 
addition of oniy a small quantity of glycerine (1.2 c.c.). In these 
cases it is believed that infection by the black-quarter organisms is 
favoured by mechanical injury to the tissues; that a considerable 
amount of injury or irritation is set up by the injection of glycerine 
is qui~e certain, since such small quantities as 1 or 2 c.c. injected 
subcutaneously into mice generally prove fata'l within a few hours. 
To show that the organisms contained in a bacterial vaccine are not 
responsible for conferring immunity on animals, but that the 
immunity must be ascribed to a bacteria'! product, an ordinary powder 
vaccine was taken, made into an emu lsi on which was then filtered, and 
the filtrate injected into animals . The following two experiments 
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show the results of our tests with the original powder vaccine and the 
filtrate obtained fJ'Om the powder· -

(1) ExPERIMENT No. 15. Ma1'ch, 1924. 
Single and Second of Double Powde1' Vaccine. 

Sheep No. ! Vaccine, 10 . 3 . 24. I Virus, 24 · 3 · 24. Result. 

6848 1 dose subcut. 0 · 7 c. c. vir. cult. intramusc. Died (black-quarter). 
6608 1 , , 1 c.c. , , Lived. 
6519 5 doses , 1 c.c. , , Died (black-quarter). 
6781 10 , , 1 c.c. , , Lived. 

-
6547 } { 0 ·5 c.c. vir. cult. intramusc. Died (black-quarter). 
6562 Controls 0·7 c.c. , , Lived. 
6636 1 c.c. , , , 

(2) ExPERIMENT No. 16. .htly, 1924. 
Fi lte1'ed Extmct j1·om Powdm· Vaccine. 

Sheep No. jv accine Subcut., 2. 7 .24.\Virus Intramusc., 15.1.24. i Result. 

6755 2 c.c. of filt. extract 0·7 c.c. of virus cult. I Lived. 
6875 10 c.c. 0 · 7 c.c. Died (black-qu::trter). 
7392 20 c.c. 0 · 7 c.c. Vved. 
7509 20 c.c. 1 c.c. Died (black-quarter). 

- 8683-1} Controls J 0·7 c.c. of virus cult. I Died (black-quarter). 
7388 'L 0·7 c.c. 

When comparing the results obtained from these two experiments, 
one is struck by the fact that in both cases a certain amount or 
immunity had been produced , and further that the difference in the 
degree of immunity that had been conferred was not very marked. 
In any case it is proved very definitely that the immunizing substance 
is something that is water-soluble and filterable. 

All these considerations bring us to ihe conclusion that the prin
ciple on which the preparation of bacteria'! vaccines against black
quarter has been based must be regarded as wrong. The immunity 
which is conferred on animals by the use of vaccines containing living 
organisms is due, not to baeterial action, but to the presence of a 
bacterial product which is water-soluble and filterable, and which is 
generally referred to as " aggressin." There appears to be no doubt 
whatever that the little immunity that has been obtained after the 
use of bacterial vaccine has been due simply to the presence of 
aggressin . When luck would have it that a fairly 'large amount of 
aggressin was present in the powder or other bacterial vaccine, good 
results were obtained, whereas the reverse was the case when very 
ilittle aggressin happened to be present. Since the bacterial vaccines 
are based on wrong principles, they may be ruled out of court for 
this reason alone. But there are many other weighty arguments that 
can be brought up against this class of vaccine. The main quaEties 
of a good vaccine are :-

(1) Its safety.-The results of experiments given m this paper 
show dearly that the powder form of vaccine cannot be considered 
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safe in all -::ircumstances; as a matter ot fact, no vaccine can be 
considered quite safe so long as it contains fully virulent organisms. 

(~) Its .efficacy.-Because bac.terial vaccines contain fully virulent 
orgamsms, It follows that the dosage must always be on the small side, 
otherwise the safety of the vaccine will be sacrificed. This being so, 
and because the immunizing properties of the vaccine are undoubtedly 
due to the presence of aggressin, it is not easy to prepare a bacterial 
vaccine with the maximum of immunizing properties. To obtain 
this desirable result more than a trace of immunizing substance or 
aggressin must be injected into the animal, and relatively large 
quantities of aggressin can be used only in the absence of the 
dangerous virulent black-quarter organisms. 

(3) The ease and correctness with which it can be administered. 
Even when the greatest care is taken it is practically impossible 

to make certain that each animal receives the correct dose, when one 
has to deal with the powder vaccine. The organisms are not evenly 
distributed in the powder and when an emulsion is made in water it 
is extremely difficult to get an even suspension of the muscle particles. 
Under South African conditions the position becomes worse, because 
the farmer himself usually carries out the inoculation; when it is 
difficult for the experienced veterinarian to apply the correct dosage, 
it can readily be understood what is likely to happen if the farmer 
has to carry out the operation. 

Practically the same remarks apply to other black-quarter 
vaccines which contain living organisms; it is as diffic~lt or impossible 
in their case to obtain an even suspension of the organisms. 

CoNcLUSIONS. 

(1) Powder vaccine and other vaccines containing living 
organisms have been of considerable assistance in the past in com
bating black-quarter in cattle, but may now definitely be discarded. 

(2) Their preparation and application have been based on entirely 
wrong principles, namely, on the assumption that the organisms 
contained in them were directly responsible for the production of 
immunity in animals. 

(3) The immunizing substances in a black-quartetr vaccine are the 
so-called aggressins , which will be discussed more fully elsewhere in 
this report. 

(4) Apart from this fact, most black-quarter vaccines containing 
virulent spores are either dangerous or else produce very 'little 
immunity in animals. 

·(5) Owing to the difficulty of carrying- out correct dosage, the 
powder vaccine on this score alone often proves most unreliable in 
practice. 

(6) Black-quarter organisms that have been freed of their pro
ducts by thorough washing are no longer pathogenic. Their virulence 
may, however, be restored by the addition of small quantities of 
aggressin or of foreign substances, such as glycerine, etc. 

!I.-IMMUNIZATION WITH ANTI-SERUM, SERO-VACCINE, AND TOXIN. 

Passive immunity in black-quarter is considered at this stage 
simply because the use of hyperimmune sera is intimately bound up 
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with the question of sero-vaccination or active immunity conferred by 
the action of anti-serum and vaccine injected simultaneously. 

By means of experiments carried out by Kitt (37) during the 
period 1893-99 he was able to prove that · an effective anti-serum 
against black-quarter could be obtained by the repeated injection of 
virulent muscle powder into sheep, goats, cattle, and horses. Since 
then the powder has been replaced by virulent culture. 'rhe use of 
anti-serum is of value when the disease has broken out in a herd and 
it is desired to put a stop to the mortality immediately. Since black
quarter is an enzootic disease, and cases most commonly occur on[y 
sporadica'lly, the need of an anti-serum has never been felt so keenly 
as in some other infectious diseases, such as anthrax, hog cholera, etc. 
In South Africa, losses from black-quarter can be prevented entirely 
by timely inoculation of susceptible stock with an aggressin. For 
this reason there has been no necessity for putting into practice a 
method of conferring passive immunity on animals. For purely 
experimental purposes we have, however, undertaken the preparation 
of hyperimmune sera. That quite an efficient anti-serum can he 
produced against black-quarter is shown in the following experi
ments:-

(a) ExPERIMENT No. 17. July, 1924. 

Hyper.immun1'zation of Calf No. 825. 
14. 7.24 
29. 7.24 
12. 8.24 
28. 8.24 

20 c.c. of black-quarter filtrate subcutaneously. 
5 c.c. of vir. black-qua.rter culture I subcutaneously. 

10 c.c. 

3. 9.24 
11. 9.24 
16. 9.24 
1.10.24 

ll.10.24 
21.10.24 
31.10.24 
13.11.24 

10 c.c. 
15 c.c. 
20 c.c. 
40 c.c. 
80 c.c. 

150 c.c. 
200 c.c. 
250 c.c. 
600 c.c. 

Serum was taken from this calf on 3rd October, 1924, and again 
on 12th November, 1924. It is interesting to note that this calf was 
able to tolerate quite easily such an enormous amount of virulent 
culture as 600 c.c. 

(b) ExPERIMENT No. 18. November, 1924. 

To Test Anti~serum obtained from Calf 826. 

I 
Sheep No. , Anti-serum Injected. [ Virulent Cult . I Injected. 

9319 \ 5 c.c.~ubcut.~ 7.11.24 1 1 c.c. intramusc., 11.11.24 
9392 10 c.c. " " 1· 5 c. c. " " 

1 
Lived. 

Result. 

9544 } (I 0·7 c.c. intramusc. , 11.11.24 Died(black-quarter). 
9602 Controls ~ 1 c.c. , , 
8940 l 1 c.c. " " 

I 
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It will be seen that the serum was auite efficient, protecting 
sheep against at least two minimum letha'! doses of virus. 

(c) ExPERIMENT No. 18. Decembe1·, 1924. 

To Test Anti-seJ:unt of Calf 926. 
-

S4eep No. Anti-serum Injected. Virulent Cult. I Injected. Result. 

8726 5 c. c. subcut., 17 .12. 24 1 c.c. intramusc., 31.12. 24 Died( black-quarter). 

---------- -----------
8739 5 c.c. subcut., 17.12. 24 0 · 5 c.c. intramusc., 7 .1. 25 Lived. 
9142 5 c.c. , , 0·7 c.c. , , Died(black-quarter). 
9400 5 c.c. , 

" 1 c.c. , , , , 

- --- - --------

9433 } { 0·5 c.c. intramusc., 31.12.24 Died(black-quarter). 
9531 Controls, first lot 0·7 c.c. , , , , 
9579 1 c.c. , , , , 

- --- ---------- --- ------

9255 } { 0·4 c.c. intramusc., 7 . 1.25 Died(black-quarter). 
9297 Controls, second lot 0·6 c.c. , , , , 
9302 0·8 c.c. , , , , 

In this case the immunity test was carried out at interva'ls of 
fourteen ancl twenty-one days respectively, after the animals received 
the serum. 

The results show that the immunity rapidly dec!lines and that 
very little is present after fourteen days. It is true that one sheep 
survived the test even after three weeks, but this animal may have 
possessed natural resistance against the disease. 

In the previous chapter the conclusion was arrived at that the 
immunizing agent was a bacterial product (aggressin) and that the 
organisms themselves had very little to do with this. To find out 
whether the same observation held good in the case of passive 
immunity, filtrates were used for the production of anti-serum. The 
results are shown in the following experiments:-

(a) ExPERIMENT No. 19. March, 1925. 

Hyperimmunization of Sheep 11010 with Filtrate. 

17.3.25 
24.3.25 
31.3.25 
6.4.25 

15.4.25 
5.5.25 

13.5.25 

50 cc. of black-quarter filtrate intraperitoneally. 
100 c.c. 
200 c.c. 
400 c.c. 
500 c.c. 
200 c.c. 
300 c.c. 
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Serum was obtained from the sheep on 11th May, 1925, and tested 
as follows :-

(b) ExPERIMENT No. 20. May, 1925. 
To Test Anti-se1·um of Sheep 11010. 

· Sheep No.I Anti-serum Injected. 

10482 5 c.c. subcut., 12.5.25 
10517 5 c.c. 
10669 5 c.c. 
10682 5 c.c. 

Vir. Cult. I Injected. 

1 c.c. in tram usc., 13.5. 25 
2 c.c. 
1 c.c. 
2 c.c. 

Result. 

Lived. 

1--------
10929 5 c.c. normal sheep serum 1 1 c.c. intramusc., 13.5. 25 Died(black-quarter), 

subcut., 12.5.25 15.5.25. 
11221 5 c.c. " , 2 c.c. 

ml6 -~~~----------{- O~~c. int:a-musc., 13 .5. 25- Died(black-quar;;): 
~ Controls 15.5. 25. 

11225 J 1 c.c. " " , " 

The results show that quite an effective rmti-serum can be pre
pared in this way, a dose of 5 c.e. protecting sheep against nearly 
three minimum lethal doses of virus. 

Needless to say, it was ascertained by cultural and other tests that 
the filtrate was definitely germ-free. 

Summlary and Conclusions.-An efficient anti-serum against 
black-quarter can be obtained by hyperimmunizing animals with 
either virulent cu1tui'3S or germ-free filtrates. 

The properties of this anti-serum are similar to those of other 
well-known anti-sera; a typical passive immunity can be set up by its 
use~ protection being afforded immediately, but disappearing again 
within two weeks. 

The Use of Anti-serru1n Combined with Ractte1·ia-l Vaccines. 

The principle involved here is the same as that on which sera
vaccination in the case of some other diseasas is based; the method is 
indicated where it is desirable to confer immediate protection on 
animals exposed to dan~ar of infection. As mentioned ear~ier in this 
report, the necessity for conferring passive immunity is not so great 
in the case of black-quarter, which ordinarily occurs only in spora<1i(' 
form. 

Moreover, since perf·ootly safe and reliable vaccines in the form 
of aggressins are now available, it is unnecessary to combine serum 
with vaccine in order to obtain a safe method of immunization. 
Leclainche and Vallee were the first workers to make use of a combina
tion of anti-serum and vaccines against black-quarter, but apparently 
the method has not found an extended application. T'o our knowledge 
only one vaccine of this kind has been importad into South Africa. A 
sample of it was obtained for experimental purposes, but the results 
of our experiments were rathar interfered with by the fact that the 
makers confused V . septique with B. chauvaei. Our cultura~ and 
animal tests proved clearly that no black-quarter organisms were 
present, and, as a matter of fact, Wagner in 1924 (71) established the 
same fact after examination of a sample of similar vaccine prepared 



by the same manufacturers. 'l'he following· experiments have been 
carried out in connexion with this vaccine and are perhaps worth 
recording : -

(1) ExPERIMEJST No. 21. Octobe-r, 1924. 

To Test a /:)eru1n-cultu-re Mixtu1'e (imtported). 

Sheep No. I Vaccinated, 31.10.24.! Virus Injected, 11.11. 24. Result. 

8855 
8956 
9044 
9139 
9147 
9287 

9544 } 
9602 
8940 

1· 5 c.c. snbcut. 
1·5 c.c. 
1·5 c.c. 
2·5 c.c. 
2·5 c.c. 
2·5 c.c. 

Controls 

0 ·7 c.c. vir. cul t. I intramusc. 
1 c.c. 
1·5 c.c. 
1 c.c. 
1·5 c.c. 
2 c.c. 

( 0 ·7 c.c. vir. cult. l intramusc. 
~ 1 c.c. 
l 1 c.c. 

Lived. 

" Died(black-qnarter). 

Died(black-quarter). 

As will be seen from the results, a fairly strong protectio11 against 
black-quarter was obtained, but it must be made clear that the 
immunity test was carried out on the eleventh day after the animals 
had received the vaccine. The immunity that was present could 
therefore quite well have been produced by the anti-serum, and not 
by the vaccine part of the mixture. •.ro settle this point the following 
further experiment was carried out :-

(2) ExPERIMENT No. 22. December, 1924. 

Sheep No., Vaccine Injected, 17 .12.24. 1 Virus Injected Intra.musc. I Re8ult. 

I 
8643 1·5 c.c. subcnt. 0 · 5 c.c. vir. black-quarter cult. I, 7. 1. 25 1 Died. 
8694 1 · 5 c.c. 

" 
0·7 c.c. 

" " " " 8815 1·5 c.c. 
" 

1 c.c, , 
" " " 

9255 } Controls for {I 0·4 c.c. vir. black-quarter cult, I, 7.1.25 Died. 
9297 black-quarter 0·6 c.c. " " " " 9302 0·8 c.c. " " " " ----
8846 1· 5 c. c. subcut. f 0 · 2 c.c. vir. V. sept. cult. XXVII, 13.1.25 Died. 
8879 1 · 5 c.c. 

" I o-3 c.c. " " " " 9577 1 · 5 c.c. , 0·4 c.c. " " " 
Lived. 

9515 } Controls J 1 0 · 1 c. c. vir. V. sept. cult . XXVII, 13.1.25 Died. 
9516 for V. septique. L o · 3 c.c . , , ,, 

" 

In this case the virus was injected three weeks after the vaccine, 
at a time when it was reasonable to expect all traces of passive 
'immunity to have disappeared. The results are striking, no immunity 
against black-quarter being present. Since the vaccine portion of the 
mixture had been proved to contain Vibrion septiqu_e, an immunity 
test was also applied against malignant oedema. In this case one 
sheep survived . the test, showing that there may have been some 
protection afforded agajnst this disease by the vaccine. 
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Black-quarter Toxins and A nti-to.xic Immunity. 

Different workers have he1ld the opinion that active toxins can be 
demonstrated in black-quarter cultures. 'rhus, according to Leclainche 
and Vallee's report of 1900 (41), a strong toxin could be obtained by 
growing the organisms in Martin's broth, the m:aximum quantity 
being present on the fifth day, after which it would decrease rapidly. 
Again, in 1908, Grassberger and Schattenfroh (21) published the 
results of experiments carried out with toxic culture filtrates. The 
filtrate was injected into animals for the purpose of immunization, 
but proved to be too dangerous. 

'l'he same workers also prepared an anti-toxic serum in cattle, and 
used · it in combination with toxin for immunizing purposes. They 
claim~d good results, but apparently this method o£ vaccination has 
now been discarded. 

The idea that toxins play an important part in the immunization 
process against b.iack-quarter has been prevalent for some time, but 
now that the value of aggressins as immunizing agents is Q.ecoming 
definitely established, most workers no longer believe in the existence 
of an anti-toxic immunity. 

There may be a few 'exceptions; for example, Kelser in 1918 (35) 
made the statement that there seemed to be some definite relation 
betw~en the toxicity and the potency of culture filtrates. According 
to him, n•l immunizing properties couid be demonstrated in non-toxic 
culture filtrates. 

During the same year Nitta (52), in discussing culture filtrates, 
made no mention of their possible toxicity, hut stabs that the injec
tion of his filtrate was not accompanied by the least danger. 
Practically all workers since then speak of the harmlessness of their 
products. Thus, Hs,slam and Lamb in 1919 (27) stated that the 
immunizing power of black-quarter filtrates was not dependent on 
toxicity. 

Graub and Zschokke in 1920 (22) empllasized that their filtrate was 
practically non-toxic and that immunizing- properties and toxicity do 
not run parallel. In Technical BuEetin No. 10, Kansas State Agri
cultural College, United States of America (34), the statement appears 
that black-quarter filtrates obtained from brain and liver medium are 
non-toxic. 

The reRuas of numerous expPriments carried out by the writers 
have proved conclusively that bhck-quarter filtrates are, for all 
practical purposes, non-toxic. To g-ive an example of the numerous 
obRervations that have be~n made, the following experiment may b"e 
recorded here : -

Guinea-pig No. 

1 
2 
3 
4 
5 
6 

ExPERIMENT No. 23. 

Black-quarter Filtrate Injected. 

2 c.c. subcutaneously 
5 c.c. 

10 c.c. " 
10 c.c. intraperitoneally 
20 c.c. 
40 c.c. 

Result. 

Lived. 
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It will be seen that even such a large quantity as 40 c.c. injected 
intra peritoneally could be tolerated by a guinea-pig. Naturally with 
such large quantities of fluid injected intraperitoneally a certain 
amount of physical discnmfort mnRt be expected, but no sign of a 
reaction to toxin could ever be observed in any of the guinea-pigs. 

We may also refer back to sheep ll010 which during hyper
immunization experiments received intraperitoneally as much as 
500 c.c. filtrate without any signs of a reaction to toxin being· 
observed. 

SU'rnmary and Conclusions. 

(1) "With the ordinary technique employed for the preparation of 
black--quarter culture filtrates, the authors have not been able to 
demonstrate the presence of any toxic substance, and are therefore 
unable to support the findings . of some other workers who have 
described the presence of an aetive toxin i.n their blac.k-quarter 
cultures. A few years aq·o some considerable difficulty was 
experienced in differentiating between the pathogenic anaerobe-s, and 
it seems to be just possible that some of these workers had to deal 
with an organism that was not B. chau'/Jaei. That this is not out of 
question can be acceipted when it is remembered that even now well-
known manufacturers issue for use against black-quarter a/" vaccine 
which has been proved to contain Vibrion septique and no black-
quarter organisms. 

(2) Since no toxic substances could be demonstrated in our 
filtrates, it follows that we cannot accept the existence of an anti-toxic 
immunity, always provided of course the term toxin is used in .the 
correct sense and is not meant to include the so-called aggressms, 
which are absolutely harmless and non-toxic substances. 

Even in eases where toxins had been alleged to be present, no 
proof was adYanced to show that the,y were responsible for the produc
tion of immunity. In order to obtain conclusive evidence it would be 
necessary to exclude the presence o-f aggressins, which are now 
flccepterl to be the immunizing substances in the case of black-quarter. 

III.-AGGRESSINS AND ANTI-AGGRESSIN IMMUNITY. 

'rhe term " aggressin " was first introduced by Bail (6) to denote 
certain bacterial products which actively assist the invasive powers of 
bacteria by neutralizing the action of the defensive mechanism of the 
body (leucocytes, serum, etc.). This name is now generally accepted, 
ancl a great deal more has been learnt regarding the nature o£ these 
substances, as will be &een elsewhere in this report. 

Aggressins are pro<luced as the result of bacterial ac.tivity either 
in the animal body or in suitable culture media ; in the former case 
the name "natural aggressin " has been applied, while in the latter · 
the term " artificial aggressin" is commonly employed. . 

As long ago as 1888 Roux (60) was able to shmY that gumea:p;gs 
eould he immunized against black--quarter hy means of filtered 
exudate. He could also demonstrate that filtrate obtained from broth 
cultures, killed by heating to 115° C., produced immunity in animals 
against black-quarter. Roux was therefore the first worker to employ 
against hlack-quarter vaccines which are now commonly referred to as 
natural ancl artificial aggressins. 'rhere is .no reas·on to believe that 
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any real differences exist between the so-called artificial and natural 
aggressins, but for the sake of convenience they will be discussed 
separately in this chapter. 

(1) NATURAL AGGRESSINS. 

Apart from the reference to Roux's work given above, the follow·
ing further historical data are of considerable interest':-Duennhmann 
in 1894 (13) made the statement that injection into guinea-pigs of 
fi'ltered muscle juice from affected animals conferred immunity on 
these animals. 

Schoebl in 1910-11 (62) demonstrated that it was possible to 
produce immunity by means of germ-free black-quarter aggressin 
obtained by centrifugalizing oedematous :fluid collected from guinea
pigs that had died of the disease. Similar material obtained from 
cattle was used successfully in the immunization of calves. 

Nitta (52) confirmed Schoebl's work, but he pas~ed the fluid 
through Chamberland filters. This method of vaccination has received 
a good deal of attention in the United States of Ameriea, as is shown 
by the work done during 1913-16 by Haslam and Franklin. 

Zschokke (80) was th'll first to introduce the method into Switzer
land, and in Iliarch, 1922, made the statement that the immunity 
confened by aggressin lasted for at least five mouths, whi'i.e the 
vaccine itself retained its immunizing properties for at least four 
months, after which a gradual decline was noted. 

Accor'ding to Tenhaeff, .1924 (65), field experiments were made in 
Holland during .19.19, filtrate prepared from oedematous fluid and 
muscle juice being· used, but tbe results were not satisfactory. In 
1923 these experiments were repeated and the results obtained were 
much more satisfactory, only' one calf out ·of 225 inoculated being lost. 

In South Afnca this method of vaccination first received attention 
during 192.1, when M. W. Sheppard. was an assistant in the vaccine 
laboratories. Prior to this, Meier was engaged on black-quarter work 
and paid attention particularly to the production of artificial aggres
sins. It was mainly owing to failure to obtain a reliable artificial 
aggressin that our efforts were directed to the specia.l study of natural 
aggressins. At the same time work in connexion with artificial 
aggressins was not abandoned, but, on the contrary, a great deal of 
success was achieved. 

Methods of Prez~a1'0tion and Testing. 
The methods employed by other workers may briefly be referred 

to here. 
It has been mentioned earlier that Schoebl adopted centrifugaliza

tion as a method 'Of freeing his aggressin from organisms. As a 
preservative he used toluol. Kelser in .19.18 (35) recommended that 
the muscle tissue be finely ground and placed with the oedematous 
fluid in fruit jars. To facilitate filtering these are frozen in an ice-salt 
mixture for several hours, after which they are inverted over funnels 
containing a thin layer o£ cotton-wool. The fluid is collected in a 
pan, from which it is drawn off into a flask placed in ice. Finally, 
the clot is pressed out and the fluid so obtained filtered last. 

The vaccine is filtered twice, first through a Berkefeld filter of the 
V. and then through one of N. porosity. Haslam in 1920 (28) also 
recommended centrifugalization, which was to be carried ouc after the 
oedematous fluid had collected; after that filtering through Berkefeld 
or Mandler filters is carried out. 




